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LXECUTIV E S UM M A R Y

l ’Ii i s rs’po rt sle s~.- ii l ’es marin e environm enta l  m u i s  s’st igat i tu m i s  performed at t t i r es ’ locations
in I’ ca i I I larb or . Oahu - t t l rn t er  Poss s’r Plant 2 i Pearl I l a mb o r  N a val  SIt lpv.Ird i Io rm mie r  Post em
Plant 3 I Iosp t t . t l  P oin t  I and the Sut ’m nai  inc I r a i n ing  (‘ent er  Ford lsl.ind 1. N .is ,iI () ceami Sys—
ten t s  ( cu t t e r  p ersonnel I mont  the I1 ,iwa ii I . i l t t t i . i t or y  conducted t tt ~’s~’ sI tid ies .it t he m eq n est  oI
Na ’, .il Fa5i l i t  ies I u t g u u t e e r i m l g  (‘o mu i t a n d . Pa cifi c I ) i s  i s i t ’ m t , \ I . ik ,iLip.i . II , iss a i m  Field st tisi i~’s
55 cr c u n i t  Li t  e~I to Itts ’.tsure 1 uan t  i t 5 l  t is el~ t he e I feet s ol ’ t hess’ inst alla t l ou ts  out marine bit ~t j  in

lie i e in it ~ of in t a ke  ,ind d u scli.i r g e s t ru ct  tires in compliance w i t l t  P L — ~
) 2— S 0 () and Chapter

37 \ ot the I I aw ,t i i  Pu hl i~ I l e a l t l t  Regulat l O U s . \Iors’ spes i t l c .i l l y  . pr e l imin , ir ~ Section 3 l i ’ i ,t )
and 3 I t tt b )  stud Is ’s un der  the pros i s i out s  ot the  I :cdera l Water  Pol lut ion Control As’t .~ u i tend—
nients ot 19’ l  were i~erformesl . .‘~dn ’,in i str atis~’ author i t y  t’or 31 ut a) decisions and the estal ’-
I i s l u u t i e n t  of b ite s s ’t mixim i g tinder the Na t iona l  Pollution I ) i s c l i a m gs ’ Flin t  inat i on S\ s t e in
N P1) 1 Si h a ’ , been skleg, it ed to  t lie I ) ep ar tm n ent  ot ’ l lealt  Ii . State of I lass , i i i .  (‘ooli ng w ater

i n t a k e  st mu5 ’t nrc s’val t i a t  ions 3 I i t t  h I  arc administered lt ~ t i te  I - mis ir oum ent a l  Protect ion .-~ geuts ’v

Sin ce t I t s ’ st ud~ si t s ’s are located in the  same region of Pearl Harbor , the survey team
used i~l emit  ica l assessment method s for each si ts ’ and the data obtained are highly in ter r e la ted ,
the result s  ot these t flvest t ga t ion s ha~e been assembled into a single document .  However , at
the rs’s l luc s t ~‘t t h e  spOnsor . e.icli s l t s ~ Ii. t s been evaluated separately to faci l i ta te  reportim ig to
the appropr i ate  agencie s.

Samp l imig was directed tow ard impo rtant  cot n p onem it s of the marine s’cos\ st emii  I I s ’..
those biota representa t ive  iii terms sit  a balanced ind igenous communi t y ;  commerciall y or
re cre ati ona lly valuable ; t l t reatem ie d or endangered ; crit is’al to the  stru ct  tire and funct ion of
the ecosy stem, such as habi ta t  I’ortns’rs: nuisance species: those or g an i suu i s  uts ’s’essarV in th e
food ch ai m i : and species highl y susceptible to en t rapment , impingement . em i t ra i nm u e n t  or t i t er—
nial sliss’harge c f f ec ts  Appraisals of the ecological assemblages present at i n t ak e  and dis-
charge areas and availab le hab i t a t s  for selected important  and represem itative species Itass ’
been tuade . A n  .Issessj neitt of potent ia l  or observed impacts on the  marine es’t ’logy at e,i5’h
sit e is prov ided.

l)ata collected during a series of investigations covering the period .‘~ugust— October
I tV~$ have been analyzed and compared w i t h  in tor m at i on  pre v iou sly reported from stud
s lt c s  in the same areas ol’ Pearl Harbor. Plank ton , epifauna , nekton , b enth o s and water  col-
umn  parameters have been sampled to provide the bases t’or ecological interpre tat ion and
evaluat ion.  Generally , cooling water  systems at three s tudy  sites produce only minor  and
localized impacts  on th e harbor ecosystem, Pearl Harbor contains a mu l t i l ’aceted estuarine
ecosy stem which has been s ignif icant l y  modified by hut t i an ac t iv i t ies .  l-Iarbor b iota have
demonstrated a remarkable resiliency to various perturbat ions during the past f i f t y years
Present ecological conditions in Pearl Harbor represent a coniplex mix tu re  of itidigenous and
exotic  biota with varied responses to man-induced al tera t ions , po l lut ion stresses and recovery
capabilities.

4
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P o l lut am it  I ’)m sc ht.i r gs ’ 1 l im in at  ion S~ stem i NPI ) i  Si regulat ions . .  \~lin l I t i s t  r .it i sc  au thor i t  h ’or

— I he s’st~iblishn t ent of thermal d u sc lt . i i  ge /t ’ ite s of i i i  ix  ing is ult ’ss held h s~ the  l)ep ,irt n ien t oh
h eal th (DOll )  under the ~~i t ’5 i s t t ’ i t s  of (‘hapter 3 ’ - ,’ of the I lass .111 S t ate  I’ubl ls ’ I I e al th
Regulations.

At the request of t lie N,,~,i I F. i culi t  Is’s 1 nginee ring Command . P,us ’i t is Dis m s i ou t
s,M.t k .uI , ipa . IIa w , i iu ) . the Na s, il ()s’s’an Syst ems (‘enter  NOS( ’ i . I l.iss . 1 1 1  1 .il ’oratom ~ , sul~n t i t t ed
a proposal to perform .i sei is’s of marine env i ronment a l  st t idies in Pearl lI. i i  ho , . ( t ab t u  S pe-
s’il ’is’ st t id y si ts ’s were islent ified as harbor marine s’ii s iroi t it teI t ts  , id ij s’s’fl I to the in tak e  , imttl
it k ctt , ir tz e structures for former poss em plant 1 (Pearl Harbor N.is .0 Shup ~ ard 1 . t’ormer l~’” s’I

p la m it 3 (Hospital Point mte ar dry ~los’k 4) and the ~I isc lia r g s ’ t ’or the S u b mi t .u m me Fr ,u ,n u n g (‘en-
ter Ford Island ) . The stu ds  \%aS  initiates l in J u1~ I ’) “ S . ss i th  p r ei i m n i n . i i ~ st t i 5I .ict u s i t  is’s
(e.g.. revis’ss oh exist ing dat ,i . initial  site v isi t s .  eqti ipfl te nt f . i l t i i s . i t i s t i i . su rs’e~ sls ’slgit . meet i n gs
wi t  it I l , iw aii  Depart ment i~ f I Iea lth .i mid Public Work s (‘enter . Pearl I I. irbor . reprs’se Ut ~i t i s es .

C ts ’ . 1 . and continued t int  il October I ’) “S .

STU1)Y Si TE S

The U t i l i t i e s  l ) ms’ msm s t ut oh ’ the  Public Works  (‘either opel’ .I tc s former power plant  I t s s ’c
t’igur t’s I and I t , which is located in the s’ontr olled industria l .uI ’ s’.l ot’ the Pearl Harbor Na s .11
Shipv .Ir st P1 INS ’t ) . Power generat ion in the faci l i ty  ceased in May 10 “ n . b ut the p l am i t
r em aimis in continuous Oper ~it iom~ ( i s ’.. 24 hours per SI , I ~ . sI,i s a ws’ek ’I , producing steam foi’
shipv ars l use and dist i l l ing boiler feed water  for shipboard use (figure 3 i .

Cooling water  circul ats’s through the plant  via a conduit  sy s tem wi th  the p r i m n a m y
intake structure located under pier B— I and the heated et ’t’luent discharge st ructure  about
1 25 metres cast 01’ the it itake , betss’een piers B-I and B— . Harbor ss ater us drawn from 1.5
to 3.5 metres beloss’ the surt ’ace through a t’our— squ ar e—me tre opening ( figure 4) . ( ‘ooling
wate r  and associated biot a p~u ss t hrough two set s oh ss’Ies’ns prior to enterim ig I he p l a n t :  an
OUt er trash screen oh ’ 38mm ( 1 ’  :—i nc h ) mesh ; and an uniter , tra s’eling screen of ‘) . ~

‘ni i i i t  ( 3 5-
inch) mesh. Heated eh ’t luent enters the harbor t’rom a t svo-b y - t w o — n t e t r e  discharge opening
with its vertical midpoint at the tidal da tum of \t LLW . The ,uve r ~Igs’ ~‘ooIin g water  flow rate
for power plant 2 during the period October 1977—September 1 9’$ svas 3’~.0 \ I 0n l i t res
per slay (sir 10.303 MGI) ; range: ~

) .3So— 1 O.48~ MUD ) .

— Former poss’er plant  3 (buil ding I “ 1) is located near 1 lo sp ih a l  Point . adj acent  to dry
dock 4 , PHNSY and operated by Public \Vorks Center personnel on a cont inuous Is .isis for
i lie prod tictio n of ~‘otnpresse d air. Power generation was terminated at power plant 3 in
December I ‘)~~5 The coolitig w a le r  intake structure (figure 5) draws water  h’ront I 5—2.5
metre s below the w a te r  surface through a downward —t I irecte d , rec tangula r  cssncret e s’lhow
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Figure I .  Snu~t~ si n e  ls cj l i i ’uis . P ea rl h arbo r . Oahu , .\uu nisu — t ) , u ,,hc , I “
-‘S

(wi th  a four—square—metre opening) which extends ,IboLm t  I S  metres from shore. Cooling
wat s’r is drawn into the pla in thro ugh an unscreened conduit sy stem. Thermal ch ’flt ient t’romn
power plant 3 enters the harbor about 12 5 metres northwest itt the intake structure (figure n)
The concrete discharge structur e has a rect angular opening ( 1.53 N 2.44 metres ) , situated at
+0.5 to — 1 .3  metres relativ e to tidal da tum ( M L I W i .  The average cooling water h o w  rate
from power plant 3 during the period October 19”7— Septemher l ’) ’S svas 0.57 X 106 litres
per slay ior 0. 151 MUD ; range: 0. 113— 0. 119 MUD) .

The Submarine Training Center on this ’ southeastern end of Ford Island uses fresh
water as a cooling medium for air conditioners and var ious training equipment ami d di sctt ar ge s
the used water into Pearl Harbor. The faci l i ty is in operation approximately eight hours per
sl av . (‘siol ing water enters the harbor through a discharge stru cture located tinder the south—
svest end oh’ pier F-I ( figure “ t . (‘ossling water flow r ates from this t’aci lity during the period
October I 5)~~ through September 1’) 75 aver ages l 0 .155 X 106 litres per day (or 0.04 1 MG I) ;
range : 0.040-0.044 MUD) .
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Fig ure 4 Cooling water intake structure at power plant 2 . pie r B - I ,  Pearl h arbor.

Figu re 5 . Power plant 3. intake structure
tin foreground ) .
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Fig ure 7. Pie r F. I covering the discharge structure for Submarine Training Center
located on Ford Island; discharge is under the p ier on righ t side of photo.
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REVIEW OF EXISTING DATA

Data , procedures and analytical techniq ues I’rom other environmem ita l shu die s were
reviewed prior to amid tlur ing this  investigation. The principal reference data sources include
the following:

- NOSC environmental studics in Pearl Harbor fro m May 197 1 —Augu st 1973 , and
Novem ber 1974—Apri l 1977 ( h ~vans , er a!. , 1972; Peeling , Grovhoug and Evans ,
1972 : Evans , 1974: Grovhou g, l~)76: Grovhoug and R as t et te r . iii preparation ) .
Data from these studies were reexamined (‘or comparison to results tr om this
investigation.

• Naval Facilitie s Engineering Command , Pacific DivIsion , studies in Pearl Harbor in
1976 (several letter reports to EPA) in which preliminary data were collected and
reported for zone ot’ mixing studies at power plants 2 and 3 , and the Submarine
Training Center , Ford island. Intake structure s at power plants 2 and 3 were also
surveyed to determine any adverse environmental impact.

• Hawaiian Electric Company (HECo) conducted marine studies at t h e  Wai au gener-
ating station in East Loch of Pearl Harbor (McCain , 1974). Plankton and larval
f’ish investigations completed for }‘IECo in 1973 describe harbor plankton patterns
which are especially relevant to tile present studies.
HECo marine environmental investigations conducted at the Kahe Point generating
station (McCain , 1977) also provided valuable insigh t to study design and analyti-
cal considerations.

[ - The proceedings of three national power plant entrainment and imp imlgen lent work-
shops (Jensen , 1974; Jensen , 1976; Jensen , 1978) were reviewed at the outse t of
this investigation. These workshops were sponsored by the Electric Power Research
Institute (EPRI) and provided valuable and up-to-date information concerning
environmental study techniques at power plants.

Numerous other references were utilized during this study. These are cited at appro-
priate locations in the text and are fully listed in the references.

APPROACH

Potential impacts at intake structure s which may a ffect ti le harbor ecosystem include
pumped entrainment , impingement and entrapment. Entrainment refers to the incorporation
of organisms into the cooling water flow. Pumped entrainment occurs when those organisms
that enter the intake are pumped through the condensers. Within the plant entrained orga-
nisms may experience various mechanical , pressure , thermal and chemical effects. Plume
entrainment refers to the incorporation of organisms into the discharge plume by efhlu ent
flow phenomena. The terms impingement and entrapment pertain to the physical blocking
of larger motile organisms by a barrier , usually some type of screening device in cooling water
intake systems. impingement emphasizes the physical contact of organisms with part of the
intake structure , while entrapment refers to the prevention of escape from intake areas , often
due to physical (intake configuration) or functional (e.g. high flow rate) attributes. Impinge-
ment and entrapment at traveling screen sites have potentially adverse effects on certaill nek-
ton and macroinvertebrate fauna, Therefore , par t of this study was dedicated to the evalua-
tion of impingement and entrapment effects on the marine ecosystem adjacent to power
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plant 2. This was th t e only stud y site where intake screciting devices were present during
this investigation.

Discharge structures represent potential sites (or adverse environmental effects due
to various thermal , chemical or flow-related characteristics . Plume entrainment , disturbance
of indigenous community struct lire, exclusion of im portant hiota front a region , severe pro-
ductivity alterations or morta lity to specific organisms (i.e. hisIl kills) all ex en tp lih ’y pote nt -

• tial ly adverse effects at cooling water discharge sites .

Habitat formers are described in an EPA 3 l 6 ( h ) d r a t ’t Guidance Document for I -v al -
uating the impact of ’ Intake Structures on the Aquatic Environment ( 1977) .  as tllose flora
and fauna characterized by a relatively sessile life state wit h aggregated distrihutiom i which
function as: I ) a  live and/ or formerly living substrate for the a t tachment  of epihiota: 2 )
eithe r direct or indirect h’ood source for the production of shellfish , fish and wildlife : 31 a
biological mechanism for the stabilization and modificati on of sediments contr ibut ing to t h e
process of soil building: 4) a nutrient  recycling trap or pathway ; or 5) specific sites b r  spawn-
ing and providin g nursery , feeding and cover areas for fish and shellfish . Marine fouling
organisms, i.e. those biota growing attached to submerged man-made structures such as ship
hulls , pilings , cooling water piping systems , etc., are a major category of habitat hormers .
Many fouling species are obvious nuisance organisms , especially in maritime harbor environ-
ments such as Pearl Harbor.

This study was undertaken to provide reliable information about t lte condition of ’
marine biota at specific locations in Pearl Harbor. Samp ling efforts were directed toward tIle
collection of quantifiable data that provid e a realistic appraisa l of harbor ecosystems adjacent
to intake and discharge areas. Intensive field sampling started in August and continued
through the end of October 1978. Field observations and collections focused on representa-
tive components of the harbor ecosystem at each study site; specifically , those biota which
are representative in terms of 1) a balanced indigenous harbor community .  2) commercial or
recreational value , 3) species status , i.e. rare , threatened or endangered , 4) nuisance species,
5)  critical relationships to the structure and/or function of the ecosystem , such as hab itat
formers , 6) importance in the food cycle , and 7) susceptibility to entrainment , impingement .
entrapment or thermal discharge effects. Representative taxa from the p lanktonic . nektonic .
benthic and epifaun al components of the Pearl Harbor marine community were identified .
selected and evaluated in terms of existing environmental conditions within the st udy regions.

Marine env ironmental data were collected at study sites during an integrated and
combined sampling program. Certain field activities such as plankton tows and dye studies
yielded data relevant to both intake and zone of mixing (discharge) evaluations. Since vari-
ous organisms or life stages are differentially susceptible to damage from cooling water sys-
tems, nearly twenty representative taxa were selected for closer examination. Although
separate effects were measured , identified and evaluated , a broad ecosystem approach has
been followed in the design and execution of this stttdy.

An attempt has been made thro ughout this report to provide data in sufficiet it deta i l
to allow further analysis and evaluation by the reader. Study site descriptions , geographic
coordinates and sampling activities are summarized in tab le I .  Detailed descriptions of equip-
ment and methods used during this study are presented next .  Data presentation and resu lts
of individual sampling activities used at each site precede the final discussion , where

11



Table I .  Study site designation , location , samp ling act i v m t  icc and bri ef de script ion
of ’ area , Pearl I larbor Study,  August— October I~) 7 M

Site ~ 1 1) *9:0 Lomig * A~ i i v i t ~ I )~c~m ip t m umi

Power plant 2 I 2 1 21 ‘22M ’~ I I I ’d ( ) I t  t uder ;~~: H - 1 4  200’
(P1  INSY ) IS  7 °~ 7 ’~S 0 ’W l ’I- P I WQ m ark er;  wat er ~t~.’i~t b i

7 bmn; c i tn  amid rubble

Power plant 2 1) 2 I - 2 1 ‘25..~’’\ B( i t ’ I- I ( ( i t  I nd~ i pie r hetcc cen ii-~(PIINSY) t5 7 °57 ’ 33.0”W l’t IM WM Wt ) and 13-2 (~ 600’ iiur k~’ r .
water depth: 7ion ; cm li and
rubbl e

Power plant 3 I 2 1 0 20’S7 . 2 N  I I /Fl’ Ol~ P1 2Dm m o u lt ol ( ) s~ j , j ) k r .

l57 °58’ lO. 9”W PT 1%1 WM ;WQ v , j I~. r  depth:  2nt sloping
~‘‘ lOut ; tock ledge to silt

Power plant 3 D 2 1 0 21 ‘0.5 ”N It( F l  OIl , SW cltor ~ l imm ~ . h ospital Pt .;
I 57 °58 ’ l3 .8 ” W PT FM W O water depth : 2w shop imig

to I Sin ; debris a m id silt

Submarine Training D 21 °2 t ’35.2 ”N 13( ;FP FT 013 t’ nder pier F- I ;  water
Center (Ford Island) 157 °57 ’4c) .S”W PT i M W Q  depth: 1.5w slop iig i i  7m:

h ard botto m to silt

Legend: *I/D = Intake /Discharge ; **Lat/Long Latitude /Lo mtgi tude ; ***Acti v ity — BC Bemith o s (‘ollec-
tion. FP = Fouling Panels , FT = Fish Traps , lM = Impim igement Collection s , 013 = Diving Observations ,
PF Plankton Filter-pump Sampling, PT = Plankton Tow Net Sarnp l imtg, TM = Temperature Da t a .  WM =

Water Motion (Clod-cards), WQ Wate r Quality Data (including Dye Studies).

evaluations of intake and zone of mixing effects are provided . A comparison of impact on
existing assemblages at each site within the harbor completes the discussion and conclusions
section.

METHODS

ENTRAINMENT

The plankton resident in harbor waters are the source for most planktonic biota near
or in cooling water structures. In Pearl Harbor , however , not all species are found nearshore
due to different responses to the combined effects of shading, water motion , subsurface
intake configurations and various other physical characterist ics of cooling water structures.
To compensate for these potential variations , two types of collections were made: 1) net
tows to evaluate the plankton populations in harboT open water (far field) areas , and 2)
filter-pump collections to evaluate the p lanktonic components actually entrained in the
cooling water systems.

Harbor waters adjacent to study sites were sampled using a 0.5—metre—diameter , 243—
micron-mesh (Nitex) plankton net with a simple conical configuration and a 5: I length-to-
diameter ratio. A towing interval of three minutes was selected after trial runs indicated that
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net clogging t’roni phyt oplankton might occur tor longer duration tows. ‘l r ipl icat e subsur-
face tows ( I  .5 nietres beneath the water sur ba ce )  were made . I lt c m i e t was towed 20 i f i c t r e s
behind an outboard-powered skiff at a speed of about 1 .0 knots (0.5 metre per second L
Each towing interval was precisely timed using a stop-watch. All plankton tows were met ered
using an eccentrically mounted General Oceanics (Mod e l  2030-R2) oil-fill ed , digita l flow
meter ( figure 8). At the completion of ’ each low , t l te  sample was thoroughly washed in t o  the
cod end collection bucket ( f ’igures 9 and 10) and transferred to a clean , one-litre screw cap
container.

Plankton collections were also obtained using a f’i ltcr -pump system similar ill design
to that described by Icanberry and Richardson ( 1973 ) .  The basic fil ter-pump sampler used
during this study was loaned to NOSC by o r .  John C, McCain and I)r. Step hen L. (‘oles .
Environmental Department , Hawaiian Electric (‘otupany. Hom io lulu. S t ructura l  and design
modifications were made to enable sample collection t’rom cooling water structures at the
power plant sites under investigation. Durin g each t’ilter-pump collection period , water was
sampled from one metre below the surface b’or 30 minutes  durat ion.  Both volumes and flow
rates were dependent on suction head which varied from 0.3 to 5 nletres at collection sites.
Flow rates were determined at three-minute intervals by measuring the volume discharged
into a graduated container during 15- or 30-second periods ( figure l h .  The filter-pump
sampler collected plankton from cooling water wi thin  the conduit structures whicil could
not otherwise be sampled by conventional tow netting techniques ( figure I 2) . Water is
pumped up through a 20mm-diameter intake hose into a I .5-nletre- lligh column containing
a 215-micron-mesh net and removable bucket prior to passing through the water pump ( fig-
ure 13) . The pum~ was powered by a 2-cycle . 52 .5cc gasoline engine. Zoop lankters are fil-
tered from the water before entering the pump, where they would potem i fial ly  experience
mechanical or pressure-related damage. The column , pump and engine hav e been mu ounted
on a lightweight , two-wheeled dolly for added mobility and convenience ( figure 14). A
detailed description of the design , construction and operation of this  fi l ter- pump sampling
system is available upon request from the author.

Using a modification of the techniques described by Dressel et a!. (1972) and Crippen
and Perrier (1974), all plankton samples were stained intra t ’ita~n using neutra l red , a vital
stain and basic dye (at a final concentration of 1: 100,000 for one hour) prior to fixation in
5-percent seawater-formalin. A vital stain is a non-toxic dye wll ich stains only living cells
and greatly facilitates hive :dead determinations for most pianktonic organisms. This tech-
nique has recently been used in several zooplankton entrainment and mortality studies
(Carpenter et a!., 1974; Heinle , 1976; McCain , 1977). Preserved samples were placed in an
ice cooler in the field immediately after preservation and kept refrigerated (at about 5°C) to
increase color retention until laboratory analyses began.

Laboratory analyses for all plankton samples were conducted in several stages. Stand-
ard zooplankton laboratory techniques were used to determine settled volume , species identi-
fication and enumeration. Initially, samples were allowed to settle overnight in either lSn ll
glass settling tubes (fo r smaller volume filter-pump samples) or in graduated cylinders (fo r
the larger volume tow net samples) . Next , the entire filter-pump samples were sorted into
major taxonomic groups. Because the tow net samples consisted oh’ much larger volumes and
very dense diatom concentrations , 1/ 128th aliquots were withdrawn using a Folsont split ter.
All organisms from these aliquots were sorted into major taxa.  Observations of Iive:dea d
ratios were recorded for selected groups at this time. Final analysis consisted of specifi c
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H
Figure 8. Zoop iankton net with eccentr i- Figure 9. Zooplankton net with collection
cally mounted digital flow meter. bucket at cod end.

- b’

A

~~~~~~~~~~~~~~~~~~~~

Figure 10. Washing down a zoop lankton sample into the cod end bucket.
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Figure I I .  Flow rate deter mination during a filter -pump collection at power plant 3 discharge.
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Fig ure 12. Power plant 3 intake access port used for i.ooplankto n (lIter-pump sampli ng
(inset). Distal end of inlet tubing and valve used ill priming the filter-pump.
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Figure 13. (‘orii 1,osm me of various stages in f’ilter-punip sampl ing: a operating fll t cr -pu mnp
apparatus . h remov ing plankton net from cy linder . c -- washing sam ple dow n into cod
end collec tion bucket and d — r insing samp le into sample jar.
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Figu re 14 . Ft l ter .pumi t p sa m iip k’r mmitnimite ~t
Oh I~ t ~ I~~~It~d ~. mt I .  Imos ~~ L’mii OVt’j.

identif i cat ions f ’or i lo n t i na m i t  t. m \ ,h and det ailed ~m it.il ~~ ms of most l to lop l a m ik t omt ic  and it lero—
plan kt on ic  larva l stage s . Fur ther  obsert at m omu ~ con cerm i ing live : ~iead d e te rm at at  ions ~u etc  .iI .,o
provid ed . For numericall y abundant  groups such .m~ barnacle m t a u p l i i . mo llt ms can t- i’l i g cm - l .mr t .rc
and chaetogn aths  present in some samples , a tiq uots oh one—hal l ’ or omie .~ ua r ter  ot t lie o r ig r i  ia
volume were taken using a Folsom splitter . All enumerati ve dat a f o r  p l ank to n ic  h iot a in t l t  ~report are recorded as t ir i mber oh ’ individuals per cubic metre. Pre l int ina r v c \ .mni m a t  ion oh
pl iy t op l anktom s composition data  for the tow net samup les was per formed using ,i l icmnocv ~t ometer and percent composition for ntajor algal genera was estimated.

Statistical analy ses of ’ p l ankton d,i t .i were performed using the Ll n iv er s it v  oh I I ,itt a i m
( ‘omputing (‘enter ’s h ewl ett  l’ackar d 2000 Computer. I , r ~ .m tt crc selected l\mse~l on their
concurrent abundance in both f i l ter—p ump and tott s.mntpl es hot  t h e  tuost numericall y domi-
nant  ta x a wi th in  these groups. l o  test the  e fleet s of t I t ro ug li— plant I r am i sit  on emit r. i m e d  ,-‘oo-
plankton , t lumeric allv abundant  categorie s were compared to determin e ( lie number  of im id i-
~‘id uals in a categor Y t’ro m tn t  .rk c vs . ~I ischarge samples taken o it t he same d .rv. .~ o ire - ailed .
paired t — test was used on t lie assuni pti oml tha t  no plant—related effects ~~ ukl increase I lie i tu m —
her of organisms found ill the discharge samples. Tests (‘or signif i canc e at th e 1 —percent and
5-percent levels were made.

iMPINGEMEN T , FNTRAP~h l NT

Presurvev field sampling design yielded .r techni que to t  q u a n h i t . r t  nc  impingement
sampl e collect ion. l ) iv in g and .ml ’o~ c wafer  oI - sc r v.r t  iom t ~ 1w the sur ivcv  team .rrid i n t e i t  rctt
w m t h  power p lan t  personnel pro ’s itl ed add i t i onal  inforn ia t  to r i  c oncc inm n uz  e n t r a p m e n t .
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l n ipmnu zemnen t  ~a imi i ’ 1es  ~ e t c  co llected .r t  t i r e r, i~ c i i i m g  sL i e l li ~i Ic  ol ‘‘~ 
ci pla n t  2

located mr ~~ i .~ h u r r l d i i t g  I 4° .-\ ( fig u re 1 S t . \ ~t ) ~ 4 s O m n n t  woo~l er r  . i n i .  su p p o r t i n g  ( m i n t —
s~lti . t re—n w\h g.ri ~ u n t ied  hamd ~ arc c lo th  L o n l . r r i r I m r g  a f i n e  it Ion s L I L L f l  ( I S t u n t  i r t e d i  u l i sc r t

f igure I I s~ is placed i t t  t I r e  I i  . r v e i u i i ~ scre en s i u u u c c ~ .n d i i i  u t r i ~ ~U - n m u i i t u t e  s , i l i i i m I i i i ~ i n t c r ~ ,r ls .
l ir e t rave l ing  scr een ~ .us o t m c r . u t c d  o iu i ~ once da i l ~ ( d u r i n g  s r u r t p k ’  c o l l e c t i on  i t o  l . I L i l u t a t c
m a \ u m u n - i co l l e c t ion ~m h r u r i p i n g e d  o t g . u i r  s i t i s  M a t e r i a l  col lected ott  the  I S t u n t  mnr e s l i  ‘.eu cci i
~~~ r m e ~er~cd (U 1 !  .i t  t i r e  co l l ec t io m i  s i t e  in .i o n e — l i t r e  sc le ~ — L . i~~ b o t t l e  c o i m t . m m n i r r g  I 0—percent
sc.i~~a t e r — h o r n n a l m n .  I ire p r oc e dnme  c o m m s u ~ t ed ot r e r i ro ~ m u g all h i t ’ t a  h u o n r  t h e  screen amid sample
con t a ine r , t u . u i l s l e u  to ~— l m e r c e n t  i u o p ’~ I alco hol and s e p u i , r t i o n  in t o  ma j o r  t a x o n o r n i c
gr oii ~~ . I hese o u g . u u u t s u l r s  ~ crc t u r t i t e t -  sor t ed  and i d e n t i f i e d  to t he  lu t is t  sp e c ih ic  level possuh i e
I abo r a iou -v  d a t a  shee t s  co nt a in  an en u m e r a t i o n  of i n d i v i d u a l s  li~ t . i \ . i  b r  e t ch co l l ec t io n .

Q u z . i i u t . i t m v e  t ’I~s c r \ , r t u o m r s  ~ crc made to e l  t i t r a t e  p o t e n t i a l  e n t r a p n r e n l  at t i r e  i n t a L e
t i m id and t r ave l i n g  set ccii  ,ucee ~s port .  I ) u s c m i s s l o u l s  s~ I Ut Publ ic  \Vor k~ (‘cu t er , P e a m I  I larbor .

personne l ~- ielded some .mnt ec t l o t a l  l u r t o r m a t t o i r  concer n ing e i r t r a p m r i e m r t  an d I u u r p i n r g e r u i e u u t .
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I t emtic I ~ Scr een mouse (oil ruth u suk m ’ t  ph oto )  .11 ~~~~~ p l.ii i t  -
, 
. .11 Ins s iR  -

p lant  pers tm n nm. ’i t i~ c t i r e  -~- t r a nk ’ b r  , i l sn ie  iart ~e mi’s li scr t ’c n s n n . i s L ’h ne  s~ u~~’n
is im m ea ued irisl i te uli ~.’ h u i i l t i t u r i ~ hc ln i iu ~t \ i n u r e .

I S  



_ _  -

f ~~~i; /j S~
liht r ~~~ i~J~ ~

I te . - I i ’  I mm ~’ i im ~ t’ i n r e i m r  ~. ni r ~m l ii tg i t

.iiid I ‘n u n nti ~’sli m i i s ~~i I

H AB IT A T F OR MI RS

P.i r t  oh the  t m e Id  e t t o u t s  ~lu r u n g ( h is m t r ~ e st igat  it ’ l l  ~ e t c  dii  e~ ted to~ a id air c~ .i It i . im mont
oh ’ the  impact from in t a k e  .ind d i s c i t i rge  st ru c t tm re s  on m at in e  t o u l in g  t ’ io t .u i n h a b i t  j ug t i re
pr imar y st ud~ ar~’.u - I. u ir de rw ,i t er  d i~ i t r g  ob serv_ ut iOlis  01 f a u n a  . i l  t .iclied to p u l i i r g s  pu o~ ided
qual i ta t ive informat ion for longer—term coloni ,ation pat tent s.  Sh ot t e r—tern i  t o u i l i ng  p anel
e xposures provided q u a n t i t a t i v e  ~l.i t i  descrmI ~ iri s  set t l em eu tt  pa I t  ~‘ i u i s  (or h ou l i n rg  b iot a hal ’ mu at
t’orruer s~ ml urii lg t h i s  st u ml v.

I - . i c lu  h ou l i mr g  p _ m el .urra \ com is i s ted of ’ s i \  . l~ ~l \ I 50rut r i  r e i r r ov.uhlc  p.m t r e k  t l r m e e
and three  .u~l’est os t lexboard ) .it t ac lwd to .m i~0 \ 200 \ .~iuni pI e x i g t m s s  i’ .mck j ug p l . i t c

using nylon bolts I ’Itese ar r . mvs  ( h ’igttre I were suspended cr 1 mc. i l tv  i t  o n r e - n i e t u e  dept  ln ~
u i s i u r g  su i t _ i c e  h loaN .un d weights on tIre  b ot tom to provide ‘~t . m b i l t t v d u r i n g  c o n r ml i t i o t r ’  ot high
wat e r n i ot iom i .  .-~I I , i rr . u vs were po smti o i i e d i m e tw e e mi  pi l ings t inder  covered ~ l r. t t  I s  u t i g u m n  ~

‘ I St
and on ly exposed to indirect  st tn light - I Ire ~e ir r .mvs  ~ et c  also ttse~i is it t , i c l tn re t i t  s t t m ’s t~~~t

c lod — c .ird s t . u newly—developed m odi t i c . it i on  of ’ the  te chnique for nr r e . i su i r i mr g  integrated ~ .it e t
m Oti oml during an interv a l  oh seve r_ i l  day s ;  \ luu s , I ° ‘S; l)otv , I 0 7 1 )  and irr , i x i i r i t m i r t — i r i i i t i n t t t i i u
thermometer s  t f igur e  I t ) ’t Fouling panel .mr r .m ~ s were usually exposed tor  two—we ek u n t e r ~ i t s

o provide Ia r v .il  se t t lement  and co l omt i iat  ion data at st tid s i tes  A t the  l ord Is l and s i te , the
i t l i t  ial set I len ient  period w.is extended to three weeks because t ’t ’ logis t ics  p u m ’ l ’ l emnrs

Fouling panel a r rays  were retrieved t’roiii the t’ie lmI .u h ’tet  p e r t i n e n t  ot ’seu \ . i  t it ’u r ~ h a d
bee it recorded. Pa ti e Is ~u m ’ue detached h i o n i  tI r e p Ic xmg lass ha ck tr ig  p la te s  a n~I t i . i r r  sported to
t he l . ibor.u t o r ~fl /m p—lock  p l a sh ic  l’ .ig~ conta in ing  fresh ~~~ ,u e i .  I .mhoi - . i t ou  p t t o t o g u a p l r ~
~ etc taken ot each t .mel um s m g a N i k o n  F , S I R . c , mi r i e t a  _~~ i t t r  .i S S i r rnt  \1 .u cno-\  ikkmmt -  l e i r s i

I °
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\~I c q t m a t e  l m g l u t  St _ i s  I ’ t m ’ \  u ie ~i I s  t sm ’ hlt m mte ~ st ell \ l t c I  .‘m 1 1  s t i t ’ l ’e  I i t ’ I i t s  I i -  ~~~~~~~ s l l m h ~ ’ ’,

ss c u e  messe d I t ’ pm os dc ~I~’tauled  , t sp c c t s  i l i v in g  p.mi t el  l ’i~~u .m ss m i ~ Ii t .meili t .it ed i kl e iti ml ic. it io u rs
st I t e m  c ‘ I i  .uiid ott Ut p _ i l t e t  i r s  t i c  mlt .tt ’mm o sui e l ’ !m ’uo m p i ne ~lt ’~ t u u u r c i u t . t i t o n r  s e m t e s  is _ i I t !
itt am le urt . me.tdih trt.i ii u t antrci ic~ oid as .mmlah ’ie tot t t i t u m i ~ .tmt. i I~ scs . em ’ m r m I ’ . I m i s o n u s  ‘i s I m m . t i i o m m ~

~t u e m  i’ li~’t~~’
_ t .ii’ li s s t e i c  t . m k c t m  mm t I r e  l m I ’ m ’ t , i t m m i ~ , Path’k t u d u c  his ~~I b r  sttm, ’i,i l ~h ,t s ~ mnt 10 —

pet cei lt se,t\t .ttdi -tom n m , mlumm pu mo m to t i . t m m s t e i  to I b - I m e i c c i l t  s t ’ m o i ’ v I  .il~ ot m ’ t  I ~ u I i : m  l ’ Im ’Ij
sm en c e x i t u t m i r e d  ums i m e a ar i , ible p~ st ci I \— ; \ bu m io cu l a i  1 mss c I t i m ~’ t t l i e t  Os~ opt ’ i i  md

• a m i a l ~ ses ss cu e  pe t t o m  t ired u o  pm os m d c  t t e t l m m c ! m c s  d e u c i  i n t u i t  ours  ol e t ’ r r m n t o i t  b o u m l u i r g  t m  \ . i  I t

nrc ~~b ~ I m eq m i c m r e s  is .u measure ot the  i m t m m l ’ a t ’ t l t t  ‘I cmm ~ m u l l e t m ite .m p a r t i c u h a m  t m  \ m it a

~e r t . m u u t  s i i~ q u a d i a t .  t i m e I t i m i r d i e d  ‘ ‘ Si rrm u h u m a i t _ i t s  s t e i c  e t c h e d  iii , m n c , ’ m u l . t t  e i m ~I j ’ a t t d r n t

— ‘ tm  a I S O  \ I 5 0 m r t n r  p l ex ig la s s  ‘ scrI ,m ~ - s t i l t ’ ( i i i ’ . o s c m  Lm ~ to  _ um t aI ~ c c , ic i u  ;‘. t m u e l . t i e I u i m ’m m c i c s
m ’t t ’ c c t i r l e m m c c  ss cue  n c c o m d c d  I o n  eacl t  t .i ’ . m enc~’t i n t e i  e~i I m ’t ~‘x. t t r rp le . ml on~’ ot m i t Oum ’ ham -

m m.t ~ les St eme  j ’ m e s e m m t  in 4’~ m i t  i l t e  one I u tm m tmli e m l qu a d i a t s  t h i s  t . t \ . i  i ecc msed  a t u c q i m c i m ~ s ‘I
p erm ’d T r t ~n r o r e . i t m i s t m m  tt .m s I c~ om~tc J ~‘t ’ r e semmI  I I i n s  p.i~i 01 t I re  au u m . ml  ‘se t lapped i n t o  t I r e
m i n a d u _ u l  I i r m ’se ~i .mt. i ss e t c  oh t , i m n c ~I l o t  t hi  cc m cp i  ca Ic p .m m m c l ’  ot  c i . . It i r r . i l e t  i _ i l  I’\ ( — .iut d
.m sh es t o s b  ,m t e.ieh locatmo n Jut ne e . t . . l m  c s p o s m m m c  pe t tom i  ~ , m i  io Us n u m u r e r  i c . ! 1  . m m u , u l ~ ses sm c i . .
pm’ t f o m med to  e x . i i l m i i r m ’ bm ot  mc s an i . m h m u l m ( t  . t t m r o i m e  i e p l m . . . i t c  p . i t r m .Is on t h e  s. I t m t c  i i  n . t ~ - comrrp .uie

t s  .msl ’ e s Im ’s ..~‘l~’ i r m i . t t  m ’ l t  t . u t c s  and cs .m lua t e  c l ’ m I  . iumi r . i I  d i s t i  i l ’ u i t  It ’ it  ‘ e tS t  dm~it S I  ~m s s t u d s
s i t e s  at r d exposure  i n t e r  . t l s  \ u r a I ~ sis c o m m c e i m t r . i t e d  ott  t i r e  s u c c e s s  ot t h e  d i t  t e u e i r t  s p c . . t i’ s . i t

Its o loc . u t io mm s . i~oss ci p 1_ un i t s  2 .i r r d .~ c u m m c c  t ss ~‘ s t i l ’ s t t  , m t . i  tI’ \ 4. , m u r d  .ms l ’ ..’ s t ’ s ,t c r c  m i s ~’ j t i m e
d, i t . t  sse r~’ t r e , u u e l utr .i t ss ’- ts ,t ~ am r .ml ~~~is m ’t s . m r i . i m r c e  \ \ t l \  \ )  our a t c s m m m c  l u . i m u s t m ’ i r u r . t t i o n r s  ‘1

t t e m i t i m ’ir c\ d a ta  u i s i m m s  t i i ~.’ l ’ t o s u . u m m  \ ‘\\  \ R4 on t i t e  I. m m i e i s m u ~ ot l l . i s sa i i  t o i n i p t u r i n g  t~~~m i I c i ’ s

h lcwlm ’t t  l’.mck .m u d  2 t f l ) u )  ~on1pulter . h Ire da t _ i  su crc a l so  c o i m m p . m n  c.. l tt i t i t  ~~t I O I  m ’I ’ seis . i t i m ’ i t s  . i t

other  s i t e s  i i i  I ’ e.irl h arbor (rm ’\ hong . I i  ‘ lii to cs .t l u i . i u e  possi b le  impact a t t r i b u t a b l e  u o
i t t ta ke a ir d m I t s c l n a m g e  s t m  m m . . ( m m i e s  d u r i n tg  t i r e  p m c s e m m t  st n d ~

I i~ m m I . . ’ .‘i~~. I .uI ’om i lo l  s . i p ( ’ . i t  .11 u S  I m i t  Cm ’ m t m l l i  t i m e gi itt  . i tm.i l t  s~’

t o t  t m ’ rml u uc p.nim’l I’t~’m
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N I K T O N

\ uriou s f ree~sss m nr r t n r  mm r g fishes .mn d m r r a e u t n i t r v m ’r t ehr at es in h abi t  Pearl I larhor marin e
env i ronmen t s  a d t i c c t u t  to t o t  t it er U. S Nat posver plant  i n t ak e  and m t i sm h a rg e  s t ruc tures .
I)iuri nug U r i s  sI t i d y , f ish trip colle ct  ions ar r d  n o n t r a n r s e c t  un d m ’t w a t e r  ol i seiva t ions were made
tO .tsSdss qual i ta t ive l y  th e inf luence  of s l i oi m ’-l ’ased coo l in i g  wa te r  svs te t r r s  on ne k to nr i c I t a r b or
bi ot , i .  Due to the  mot l i l y  exh ib i t ed  liv most nek to nmL - f o rms  and the re et ng utied sele ct ivi t y
t il nearl y .mll fish sair iphing t e c l r mi i q  ties 1 ~l I e t m  al , I 9 ( O I, tI r e p tes enr t  s tudy also i t t  i h j i ~~s
r e su l t s  hro r r t  p r e tR iu i s  s t t idi es i t t  Pearl Harbor ( I -  van s . I ‘) ‘4 ~ Fi sh t ransects  were not used
i’eL-auise of tum r ~ iml water  cond it imil ls .  Oth er  tec hi n iq u.’s of nekton cens u s  such as ne t t i ng .
t mo m son m uug or spearing weic not used.

Funnel entranc e fi sh traps were set at  in take  and d is c i r a r g e s tudy areas. l ack tr ap
tr m e . is ured I \ I X 0.5 metr e s and sta s com istructed ot a Sin t nr—d iatr r et e r  metal rod frame cov-
ered by a 25mm I — i n c h ) mesh , medium gaiuge poul try wir e 4’t~,~m.t’.,S in to  the trap st-as avail-
able thro ugh a hinged 0.45 X 0 .35 —metre door located in t I re end opposi te the funnel entrance ,
Traps were set for about three days prior to retrieval during several trapping series at each s1f ~ .
Fish and macroinvert ebra t es ‘vere r etr rov ed f ron t  the trap s using a (‘inc meslu dipn et .  Upon
reniosal from tire trap, organ isnrs were ident i f ied , measured , enumerated  and either release d
or retained for itm rt i ier a m i a l v s i s

Qualitative u nderwater ob ser va t i our ~ were recorded throughout  the stud~ for con ipar—
Non wi th  previous observation s and data.  Anecdotal  in f ’orma tion wa s obtained h’rom PW(’
personnel. Ne ktonic components in the  % i c i i l i t y  of s t u d y  sites were monitored ra t h er than
intensiv ely sampled during t h i m s  im i ve m , t igat ion.  Reliance on p ieviouslv collected data seem ed
appropriate w i t h i n  the time cons traints  of t in s study.

BENTHOS

Benthic inf auna l  hiota were sampled using a one-litre scoop sampler , shown in figure
2 1.  Three replicate benthos collect ions were made at each discharg e study site. Reliance on
previously collected in t ’auna i harbor data (Evan s , 1974) obviated the need for extensive hen-
thos collections during th is s tudy . In faun al  communities have more stable , homogeneous
populations than pha nktonic  or ep ifaunal communities (Lie and Kelley. 1970: Peterson , 1977:
Thorson . 1957). Sample collection during thi s investigation provides sufficient information
to evaluate benthic community status at these sites when compared with previously collected
Irarhor data.

The henthos scoop sampler was constructed of a I 50mm X 90mm inside diameter
PVC cylinder fitted with a hand le and plexiglass cover plate (figure 22). Inf auna l  samples
were collected from harbor sediments at 6- to 7.5-metre water depths. A SCUBA-equipped
diver collected samples by descending to the bottom , rotating the sampler down through the
sediment-water int er t ’ace in a scooping moti on and attaching tire cover plate onto the open
end to prevent samp le toss during ascent. Upon reaching t I re surfac e , the contents of the
scoop sampler were transferred to a 300 X 300mm plastic , zi p-lock hag and fixed in a
1 0-percent seawat er-form al in.

Samples were sieved and rinsed with tapwater through a graded series of screens
(4mm , 2mm, 1mm , and .Snrrn mesh) to remove larger rubble and fine silt.  Material retained

‘i -i
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Figure 2 1 , Bentit os scoop samp ler.
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Figure 22. Scoop sampler with end cap (left ) removed. j
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m ’t l  the l intrut  .m u t d I . m u gm ’n s m i  m’cu r s ss as c ~. i i i i i i t ~m h u m s i m u g  . m iu i lhuuii t imnak ’ d u n i . igmu ih uci ~l I o i ga i t i s tn l s
w c t m ’ sot t ed fusint  n oun In s j u ng debt  is l i t  hIk ’ ss’ s. i m n u i ’ l m ’s \ h . i t e i  a t  i e l . uu i i t ’d on t he ‘mon s, u m ’e i i

st _ms t u .nr r s te t rcd  ttS .0 pen ccitt i smip r o p s  1 ,ihctihoh t o t  l i i i  t he m m ’~ a nuimnmui  it ’l l t i s Ing  .4 h ’ t i t i u i l . m i
ml tssm ’ct IU ~ i l l ( ~~(O ssm l 1’ m’ \ f , t t  ml t . t t  P . t55 i i l )~ the ‘uflun s~~I ccii tt ,m s mIt it’d t ou gi a i t i  si ; m ’ .unt.mlt s is
( trot i c(iot led h n e u m ’ I At  t t ’u s t u c c o i n g ,  ot ne oh t i l t ’ I e I’ l i~ .m l m ’ samniph ’s h i  o u t  c.i~- hi s f . i t im ’ i u  sm ,is

pro~cssm ’m h t i s t i i ~ .1 111 ( 1  is .ls umi l ’ mi t h r winch 1n ~s~’Is cd a ll t .d i i iu i i  m . l i  I ’o t i . i he  c t i m n i h i o i u e i i t s  i l l  ( hi t ’
s. itnu pl e , ie dt i 5 ’cm h t in e s oh t u u , n t ’ to I’ m’ smi t t e d  In t l  p lot  i mlcml  a Ire ~-k m i i i  ( l ie  h htm ’ii ’iigI nium ~ss 0

ing et I i m ~ici r c\  I m ’i th e tu udi s sohse~t s , mt r r i ’ le s  tU n ock . it u l ill ‘5k . 1 7  ‘ t I l t it t m ’t ci - ( Ii i ’ . l m  t~i ~I i s
s~’ l r i t m ~i tn techniq ue cntoss’s rrr.us ’~ duagnnm ms trm - ~-h .un .uc tm ’u u st n~ s t~ t i~ Ir . is  st im ’I Is , I u i t ’ ’t . s~’i m u i l m ’s oh
s t ’ t t i m ’ s~m mi i u gm ’s , elm. ’. i t  r ot it 501m m’ I ’m ’n t h u m ’ t . i x .m , ,i r ttl _ t h r e i c h o i m .’. ( hi t ’ ~‘ tIr ~’t t ts o sailt h lk ’ s ( l m ’ i l i  c.m ~ h i
s t . l ( i m ’ i t  sss ’ i t  m’x . i t r n ,u ie d  i t t  .t pue sclved , 110.1s t ~ot rmluI u~’tn I h u e mnna h et  i .iI h i o i t u  ( h im ~ ‘t r i l l ,  s , t e ~’ i t

55 ,45  s t i l t e d  m u t t ’ t m u i i m ’l i s t . ixOt to turs  s . m t m ’gou n m ’ s ani mi t ’ i l rmi r r m ’r i t et l  ot t l .uh ’o t  . i t t ’i s t em ‘i ’l shim ’m h
Selected g t m ’ l i j ’ s i ra te  been h u i r t i t m . ’r ud eni i t it ’d to f l i t ’  f a m i l y , pt ’uu e m it i i i  s p e m u l  im let cI

W ~TFR ( ‘Ot.UM N

\~at t ’t mm ’ I t i i t r i i  m.’h i . ii  muc h m ’i i a  i t s  s u m m i t  as te tnip el  i t  l i l t ’ . St . i t e i  rnmi t immn .mntl t I i t m h i . l l ~~m ’ I i l m i l t l e

p h te n t i i nne n a  a te  t ’elevanl h i ’  ( I nc m ’sa l t i a h m t ’ mn oh t t l m ’i it l g  St 11c r  u r r t p . u m t s  out mat  l i l t ’ e , t ’s s  st , ’ i i r s

t (  a tmon and I .um u t ’r . I~ 
‘ t ’ . 4. ‘o tm t .u t i f  . I ‘I ~~~~ ‘o ( t l ,utrt  . f i t  - ) and ss c u t ’ n iemisur t’ti d u n  uing t huis

shi .md~ -

Fennnp er a t t mt ~’ mI. u t. m tt ci m ’ c t ’ik’ m I e d  using ,u \ ‘cl lm ’st Si’t tug’-. I i~~n u m r n r m ’ u n f s  i \ S l  1 t ek ’tI t i ’, -
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am
Figure 2 ~ - ‘s isum m u l dus t i  I,i~ mit rep l i em u te ~lost i i  ml ~ sh t tu wun g S m ’t t
similar mlrssu ’Iutrout n ,m tm ’s ( set ’ t.ihlc I ~ t ot  actu a l  ss e t c h i t s l

front injection into (he cooling w m u t e r  svs te i tn t un t i l  tlye st-mis observed in tine mhischt , i i gc plume.
These studies provided a measurem ent of ~ cooling water residence lit tl e during .uver age plant
operating condit ions.

Discinarge plume characteristics were observed during t h e dye studies. I sitn g a 13
foot otitboard—pow ered skiff , t’ield te anrr menrbcrs closely trr onit ored t lre dis t r i but ion mit  d se
(both hori zontally and vertically ) svit h in the harbor . Pr ot ’iles at halh ’—t r retre depth i t i t e iv , u l s
were recorded until tire dye dissipated. l)ve studies were tserh ’ornr ed during typical tr a d e-
wind conditions.

RESULTS

GENERAL

The results of specific sampling act iv i t ies  are presented in a sequence corre sponditrg
to that for the description of methods. Data collection , interpretatio n , and pre seirtat ion oh ’
results have been structured to characterize descriptive marin e en v ir o nm ct r t mul parameter s
observed during the study. Selected repre sentative impor tant  hio t mn are mlis ct us sed in appetr-
d ix A. A cumulative checklist of all organist ir s id ei r t i h ’ied during (his inv estigation us pre-
sented as appendix B. This list contains app r oxi nn mut ely I 75 t m uxa .

Voucher specimens or photographic record s are n r rai nta i t r ed at ti n e NOSC I Imuss , ui i
Sample Processing Center for samples collected during this  iun v c st  ig m ut lor n , Nut in er icmul antl
taxonomi c data collected arc being verified and entered into tIre I I .usvmu i i ; u n (‘omuslmt l  loir e
Data Bank for future reference and m anipulat ion ,  as desired .

~ 
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t ENTRAINMENT

Vital stain i ng of zooplankton was employed during t h is investigation to determine
live :dea d ratios. This technique was nro dera t eiy successful aithougir h rar pacti coid copepod s
and Lucifer larvae did not stain well , even when obviously alive. H owever , these tss o groups
comprised a min or proportion oh t h e  total zoop lankter s sampled. Dead forms of n r ut is t t a xa
were present in net tow collections as well as both intake and discharg e flIter-p ump samples
and Iive:dead ratios provided an indication of ’ wit i r i n  plant  morta l i ty  to iooplankton during
tire study period.

Results from zoop lankton tows are summarized itt table 2 . Time of dmu v . lunar aird
tidal conditions were nearly identical during the two coltect ion periods. As show n in table 3 ,
plankton concentrations were about four tirr t es m i s dense iir the 28 September 78 collc ct ,otrs
as they were on 26 October 78. Volumes of water filtered during t lr re e-minut e tows ranged
from 4.69 to I 5, 57 cubic metres ( mean = 10. 93, s = 3.5(i) dependitrg upon witrd and curr et rt
conditions.

Table 2. Plankton tow by ha url series , Pearl Harbor Study. At n gus t~~)ctober I 0 75

RST Vol. water Su0tl~d 
(‘on d ill omn s

Tow # tSite **i itr uc I ) mm t e ( u r n  see) tit tered (t n 3 ) Volume ( m rr l )  ( Im n cot rn im u g )

A-I PP3(l/D) 1047 28 Sep 78 .15 0 8 5 2  335 Iii Ia 1350 (+ .Sm)

A-2 PP3( l/D) 1103 /28 Sep 78 . 2 1 5 7 4 5 42 5 I i i  m z  I 350 ( + . S u t t )

A-3 PP3 (I /D) 1 1 1 1 / 2 8  Sep 78 .11 0 4.60 440 lb m’~ I .1St ) f S t n n )

B-I PP2(D) I234~ 28 Sep 78 .230 70 5  I 58 Ui ~ I 3S0(4 . Sm rr l

B-2 PP2(D ) I 241-)i 28 Sep 78 .190 6.57 164 lii i ’  1350 ( + . St in )

B-3 PP2(D) 1300 28 Set’ 78 2 10 7.2 1 285 li i  a I 350 (+ St in t

(‘-I  PP2(I ) 1025/ In Oct 78 .438 15.57 116 Uu ’ ( 24 5  t+ Strr )
( . 2 PP2 (t) 1036/26 Oct 78 432 15 .10 70 lii ~ 124 5 (# Su r r )

C.3 PP2(l) I045/ 2~ Oct 78 .418 14.77 132 Hi t~ 1245 (+ Sin )

D-l STC(D) IlOO/26 0ct 78 .340 12.06 104 110.1 1 245 ( + 5 tfl )

D-2 STC(D) 113 1/2 6 Oct 78 .4 11 14.60 153 Ui s’ (24 5 (+ .Sm rr l

D-3 STC(D) 1 145/24. -i Oct 78 .370 12 . 55 0$ Hi s~ 1 245 (+ .Snu )

E -I  PP3(h/D) 1154/2 6 Oct 78 .383 12. 03 145 h -li .~ 124 5 (+ .Snnl

E-2 PP3( l/ D) 1 203/26 Oct 78 .381 12.78 It ’S l i i  s” 12 4 5  (+ S m r r l

E-3 PP3( I /D) 12 13/ 2 6  Oct 78 .318 1 1 . 2 2  100 Iii  e 1 245 (+ .Sun -t )

Legend: Sites — PP3 = powe r p lant 3 , PP2 = powe r plant 2. ST(’ = Sub tnn ari in e Trai ir in g Cc inle r( Fo rd
Island) , (I) = Intake , (D) = Discharge , (l/D) Imnta k c/Disclu arge ~ **Ttu ur t ~ I ) mi t e = tit r r es listed mire startin g
t i mes for 3 minute tow ing intervals ; RST = relative speed sit Imiss ’ (h ou r t imist nre ter cal cu la t ionts ),
reflecting the net speed thrr o ugh tine water.
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Table 3. (‘ondeirsed p lankton  toss - data , Pearl I harbor S tud y . Au gus t —O ctober  1078
Mean values for eaclr ser ies , calculated front three rep licate tows per site

fro m data in table 2. Standard sl eviat  ions are in pare mrt he se s

S e u ui ’s Sit e Dat e \ m i l . l i t tered (int ’ l S.’ u u k ’ d \~ m l ( t r i l l  Sett led ‘ s i m i .  (minI  i i i - ’)

A PP3 2$ Sep 78 (, $t)  ( I  m ) S )  400.04.1 1 Sii . ’m i t

F P~~1 Iii (jet 7$ I 2~~7 (0 ’iS ) (i4.i 4.i7 ( 22 55) I 3 . ’4

B PP2 28 Sep 75 7.24(0. 64) 235 n7 (nS .08) 12 . 55

4.’ PI~2 26 Oct 78 I S I S  (040)  106.00(32 1’)) 700

I) ST(’ 26 Oct 78 13.07( 1.35) t (- mn.1i 7 ( 2 2 . 55) 12. 75

Common zooplankton tax a collected itt net tost s are listed in tab le 4. Laboratory
analyses have provided numerical data b r  I I  p la nktoir ic  taxmi  resident in t I re s tudy r cgioirs oh
Pearl Harbor. Figure 2~ presents composition data h ’or tn raj or zoop lankto u r taxa collected iii
net tosvs front data assembled by cotr rb ining all tows at mu s lmu t io n am rd ca lculat i mrg percent com-
position of ’ the total fro m individuals in mu give ir category. ‘rite nricrocopepod s, -h erm ’alanu.s
inermis and Oithona sim p lex , were numericall y t l o ir r i na ur t  in inopl a ink ton low net sattiples.
Holoplanktonic carnivores , sucir as Sagitta t ’nf la ta , were consistentl y represemrted itt  all too-
plankton net collections. Je llyti sh (proba bly P/ , t ’llorhi:a punc la ta , as described am rd pict tired
in Devaney and Ehdredge , 1977) wht ic hr are semuson a lly abu n d an (  during October—November in
Pearl Harbor , were not collected or observed slurin g tosv net sauirp ling. A siir gl e specinren was
collected by hand adjacent to the discharg e for posver plat O 2 during tIre s tudy

Discrete zooplankton samples were collected at int m uke mind discharge strt uc tt u res at
power plants 2 and 3. Data t’rom th e 33 fil ter—pump samples are summarized its (aIsle S. The
f’ilter—pump sampling system performed reliab ly during tine sampling periods and ir r a in t m i i n t ’d
remarkably similar flow rates and volumes of water filtered at intake amiti discharge structures
(table 6). Volunres of water filtered varied f’rom 0. 7 to 1.5 cubic metres (mean = 104 .
s = 0.23) during each sampling period ; flow rates varied from 23.75 to 5 1.10 litres per mm-
tite (mean = 34.77 , s = 7.80). Table 7 provides a listing and indication oh ’ re l at ive ab unda irce
t’or p lanktonic taxa identified t’romu filter—pump collections. Many living zooplankton ss ere
observed front discharge samples , indicating t lrmn t mor ta l i ty  is considerabl y less than total  at
any site. Percent composition data for major zooplankton taxa are presented in figure 27.
These data were calculated by combining all fi lt cr-puntp collections at site ( in take  mu t r d ~lk-
charge collections were handled separately ) and dividing the number of ’ individuals per tax m u
by the total numbers sampled at the site to obtaitr tire percent comp ositiot i given. A l tho tmgl r
entrainment mortality is greater at power plant 2 than at power plant  3, trei ther plat r t is comi-
sidered to have a substantia l impact on tire Ira rbor zooplank ton comt t t t ini ty .

Four holoplanktonic species: the copepods , -I c ’roealanus iner,nis and Oit/unza sip,, —
piex , the arrow worm Sagitta enflat a , the sergestid shrimp Lu cifer C / I d ( ( I  and f ’ivc nreroplank—
tonic taxa: Ba/anus naup l ii , gastropod veligers , bivalve veligers , br achyura n inca and caridean
larvae were selected from 40 tax a identified in the fi l ter—pump suir ip les. l ’hte results of th t is
analysis are presented in table 8. Notice thrat  wh ti le  tire disch arge sanrple s at power plant 2
contain significantly fewer individ tt a l s for all selected ( axmu , only Sagitt a enfl a ta and caridean
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Table 4. Zoopiankton concentration (mean number of individ uals per cubic metre
filtered from triplicate zooplankton net tows) by major taxonomic groups.

Value s are for the total number of individuals in a given category taken
in a haul series divided by the total volume in the series.

Pearl Harbor Study, August-October 1978

STC
Power Plant 3 Power Plant 2 (Ford I sland)

Tow
H Tax a Series A E B C I)

Med usae — — 5.92 —

Ctenophores — 3.80 — -

Polychaete larvae 10. 73 3.30 17.18 2.83 1 0.61

Copepods/Calanoid* 8934.23 8454.14 21075.21 3715.86 1687.56

Copepods/Cyclopoid 17731.01 278.19 13782.14 82.21 84.91

Copepods/Harpacti coid* — — 64.40 - - -

Copepods/Naup li)* 4879.46 — i28 .81 — —

All Copepod s* 31544,70 8632.33 35050.56 3798.07 1772.47

Barnacle nauplii 124.67 328,67 1308.67 1024.25 456.11

Lucifer chacei (zoea) 76.33 234.67 72.67 50.83 10.61

Caridean larvae 35.37 — 341.76 42.70 13.57

Brachyuran zoea 46.31 30.25 183.41 313. 14 12.78

Stomatopod alima — — 17.20 —

Gastro pod veliger 29.65 14.25 102.38 — 9,24

Sagit:a enflata 656.33 422.33 1155.67 60.18 224.23

Appendicular ian larvae — 9.90 — — -

Larval fish 11.45 3.80 46.26 — —
Total individuals per cubic
metre per sample 32535.54 9683.30 38255.42 5292.00 2509.62

*Copepod data are taken from a single , completely analyzed sample for each tow series (A—E ) .
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Figure 26 . Percent eolntp osition of major zooplankton maxa present in row tte t collections.
Pearl Flarbor Study, August— October 1978.
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Table 5. Zoop lankton t’ilt er-putnp collections , data summ ary.  Pearl Harbor Study,
August—October 1978. All samples were collec t ed during 30-minute periods:

Site abbreviations are tire same as used in table 2.

~ o ltz u t t c  Set t led
Sam ple ~Ica ti Rate c ml l - i lmered ~ o ltI i t h ’

Site Time Da t e Flow ( I  t u t u )  ( i i i - ’) ( m u r l m nn - ’) Tidal (‘ond it inm n s

I PP34 I ) 122 1 30 Aug 78 24 . m 7 . 744. ) I .08 I u m ~ m m i u u u u t g .  iii (~1 1600 (+ 6ut t )

2 PP3(D) 1343 30 Aug 75 25 .07 842 0,~’5 Incoming : Iii (a 1 600 (+ . mI u l t

— 3 PP2(l) 1524 30 Aug 78 23 . 75 . 7125  0.25 hi r conr ing : lii  ‘~ 1600 (+ . ( m u n )
4 PP2(D) I b I S 30 .-~tug 78 26.20 .786 0.10 iii  slack
5 PP3( l) 1007 14 Sep 78 30.10 .‘)03 0.23 lmnc onr in g : i i i  .c 15001+ b it t)

6 PP3( D) 1 1 1 t  14 Sep 78 42.3 4.) I .2o ’) 0.39 lunconnn ing : Iii ~ ‘ 1500 I + ot tO

7 PP2( I) I 246 14 Sep 78 26.40 - 7”2 0.54 luicou u uu u g - J i m ~ 1500 ( t o u t )

S PP 2iD) 1347/ 14 Sep 78 28 .30 . 84~ 0.18 In c omu ni u ug : lii ~‘ 1500 (+ .buu )

9 PP3 (I) 0’) 20 , 19 Sep 78 25 54.) .75o 0.23 Out go ming : t ow C” 1 200 + Intl

10 PP3 (D) 1025:1 9 Sep 78 50.00 1 .500 0.oQ Out goii rg : 1 ow ta 1 200 it  - liii )

II PP2I 1) 1130 , I t) Sep ~S 2 830 . s4~ 0.47 Ouugo ing : Fow “ I 200(+ , I urn )

12 PP2(D) 1221 I’) Sep 75 28 . 70 Sol 0.27 Low %lj ck
13 PP3(l) 1004 2o Sep 78 29 .50 . 585 0 .23 Incoming: Hi “ 1230 t+ .Sun )

14 PP3(D) l055 ’2ô Scp 78 51.1 0 1.533 0.33 lnconniitg:iim @ l2SO(+ Sm)

IS PP2 (h ) 1 203 26 Sep 78 27 .50 .825 0.28 Incom ing: J Im 12 34. ) l~~Su n )
16 PP2(D) I 252i 2o Sep 78 31 .90 •~ 57 0.2 1 Hi %lack
17 PP3(l) 1034 :2 8 Sep 78 31.90 957 0.07 lmr com rt im r g : I Ii ~ 1 700 (+ .Snn l
18 PP3(D) 1140/28 Sep 78 44.90 1.347 0.4 1 In co t nri mr g: UI ~ I 001+ Sun I

19 PP2(l) 1306/28 Sep 78 32 .30 .969 Q. 2~
) Incoming : lit ~ 1700 1+ .Sm)

20 PP2(D) 1408 28 Sep 78 34.90 1 .049 0.10 Incoirring : iii ~ ‘ 1700 (+ .Stn )
21 PP3(l) 1109/3 Oct 78 35.80 1.074 0.47 lncomiitg: I. ow l.a 1100 1~ - I it t )

22 PP3(D) 1219/ 3 Oct 78 43.80 13 14  0. 15 Incoming : Low ~ ‘ I I 0 0 ( + . l  itt)

23 PP 2(l) 1327/3 Oct 78 35.60 1.068 0.47 Inc om t nin g : l ow  “ 1100 (+ . l u n r )
24 PP2(D) 14 1 5!3 Oct 78 38.10 1.143 0.74.) Incoming: 1 ow (‘~ 1100 1+ 1 in )

25 PP3(t) 1403/ 10 Oct 78 30,00 .900 () .So Outgoing: Low ‘ I 830 ( + - I tin )

26 PP3(D) 1458/ 10 Oct 78 49.50 1 485 04 3  Outg oimrg : t o w  (~ lS3( n ( + . In u )
27 PP2~I) 1649/ 10 Oct 78 38.90 1. 167 0.43 Outgoim rg : tow (~ 1830 (+ 1 ml

28 PP2(D) 1807/lOOct 78 38.20 1.140 0.79 Outgoing : low (~‘ l S3O( + .I n r )
29 PP2 (l) 1955/ 10 Oct 78 29 .60 .888 0.45 lncomitrg

30 PP2(D) 1856/10 Oct 78 38.30 1 14’) 0.27 Low slack
31 PP2( 1) 1512/17 Oct 78 38.40 1, 152 0.78 lm r co n tr imtg: iii “ 1645 (4  .2 t rr )
32 PP2(D ) 16 2 2/17  Oct 78 42 80 1.284 0.16 Shuck
33 PP3( h) 1747/ 17 Oct 78 42,50 1 27 5 0.47 Outgoing 
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Table 6. Condensed plankton filter-pump data . Pearl Harbor Study. August-October 1Q7 8 .
Mean values for each site series. Standard deviations in parentheses.

Site abbreviations are the same as for table 2.

M eam n F low Rate Mean \ olunre Filtered Mean Settled V c m l u t uu e
St u e mu ( I  in t i u u )  (cubic metres) (m nnl  in n ~ )

PP3 (Intake ) S 3 1 2 1  ( 578 )  0.94 (0.17) 042 (0.31)

PP3 (Disch . ) 7 44.24 ( 7 S m ) )  1.33 (024) 0.43(4.1 27)

PP2 (Intake ) 9 31.19(5. 42) 0.94 (0.16) 0.44 (0 . 16 )

PP2 (Disch .) ‘I 34 16 (5 .67) 1.02 (0.17) 
- - 

0.31 (0.26)

Table 7. Checklist of planktonic biota collected using a tilter-pump sampling system ,
Pearl Harbor Study, August—October 1Q78

**Re latmve
Taxa *Site Ahu mnd an ce

Cnidaria
\ tedus ae All P

Ann elida
Polychae te larvae All

Arthropoda /Crustace a
Ostracoda

conchaecia sp. 21 21) 31 P
Copepoda

Calanoid a
.4 carr ia f ’ossae cf Izamata (Mo O , 1937) 21 31 31) P
Acrocalanusgr acilis Giesbrecht , 1 888 2D , 31 3D P
Acrocalanus inermis Sewell . 19 12 All V
caloca lanus pav o (Dana , 1849) 3D R
C ’lausocalanus sp. 21 31/3D P
Pontellina sp. 3D R
Scolecithrir~ sp. 31 R
Undulina vulgaris (Darra , 1849) 31/3D P

Cyclopoida
C’orvceus sp. 3D R
Oithona linearis Giesbrecht . 189 1 21/ 3D R
Oithona ,mana Giesbrech t , 1892 All
Oithona plumifera Baird . 1843 21/31/3D P
Oithona simplex Farran , 19 13 All C
Oncaea venusta Phillipi , 1843 31 R
Oncaea sp. 2 1 31/3D P

Harpacticoida
.4egisthus sp. 31 R
civ:emnestra sp. All P
Euterpina acutifrons (Dana , 1847) All P
Microsetella sp. 31/3D R
Harpacticoids , unidentitled 2D/31/3D P
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lj h l e  7 . ( ‘ont in tu e t l ) .

Ta~.u Site

-~ i t  In to poda (ru su .i ~-ea (( ‘oil l i i i  ned I
Copepoda; unaup lu l.ur ~ .ie co mu n but u ed )  21 ‘31 31 ) I’

(‘ turiped u.i Ralanus
\ au ip lu i  All V
~-
‘
~~ plus ljr’.~it’ 2l ‘31 31) I’

\ t .uI j~ t mc u r .u c.i

Isopoda 2 1 31 1’
Antplr ipod a

(;airr iur aridea (several spp. ) -\ll C
Dec apmmda

l.ue:je r e#wcei B o w mna ut , I ‘) oo ..~ll
( arude.u u u larvae .-~ll 4.
Brach~ ura larvae -~ll

Ma lacosu raca
Stoma uopoda

A liurr a larvae 21) K

Mollusca
Gastropoda

Gastropod veliger larvae All V
Bivalvia ( Pe lecypo da)

Bivalve velige r larvae All C

Chaetognatha
Sa.gitta enflata Grassi . 1883 All V
Sagirta regularis Aida , I 5u7 31 R

Chordata
Uro chordata / Tunicata

App ein dicularian larvae All \

Vertebrata
Oste ieht lryes

Fish eggs All P
Fish larvae 2 1 31 P

Legend: *Sites —. 2 = power plant 2 , 3 = power plant 3 . I = Intake: 1) Disclrarge ; ~~Rel a tive Ahumrdaince :
Rare = found it t 1— 2 samples : Preseirt = 3 — I S  sam irp les: (‘omunr or t = 16—25 satrip les: V eiv cotr rn ro mr “25
sanrples.

larvae are significantly reduced in discharge samples t’rom power plant 3. TIre number of
moribund zoop lankton (determined by the neutral red staining technique ) in discharge col-
lections at both power plant sites remained low but roughly equivalent.

Larval fish and fish eggs comprised a minor proportion of zoop lankton sanrples.
McCain (1974) discussed the abundant  larval fish populations in Pearl Har bor , htu t tIre
present data do not support this observation at tire sites studied during the present survey
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1 00%

Copepoda (G eneral )

I. i ~t ?  Ij~i, t i

S,, .~(( Li i i ! I ~ihi

75~
Polychaeta Larvae

- - 

~~~~~~~~~~ Barnacle Larvae

- - - - -. 
- 

- -: -. - Car idean Larvae

50%

Brachyuran Larvae

Mo$luscan Velugers

Appendicu lar iaru Larvae

~JJJ~ 
Fish Larve

- U Miscellaneous

0
( I )  ( D~ ( I )  (Dl

P P 2  PP =3

Figure 27 . Pe r cent composition .mf majoT iooplank tor t t axa ~resent in ti lt er -puntp c o l iec tuo n is ,
Pearl Harbor Stud y. August-October 1Q78 .
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t

lahle S. (ourlp.ur ison ot i.oop lankton ~I .It.I collec ted t’roitt nuttake and d n s c t u . i u ~~’
a r eas at former power plants 2 and 3. Pearl Harbor S t u d y ,

A u i t ~uus t 4 ) c to her I ’ )  ‘8

ci l ’ Lu uut 2 I’ c ’~ ci L ’I , tutt 3
4. . I I c ’ m~O i \  t~%a Iume - ‘

- I t i c  ‘ t a/anti. ’ I#)t T P?JV, ~ ‘ ‘0.-) * * — I.~ 
5( )~1t l

Oit/,ona siinp le’x 2 40’~’2~ ’ l 5O d l .~ s

— 
.Sai~’:tta enjiata 3.0imum 54 -

, - ) i ’ 4  I

1 Ueif r r ehacei 2. 1 ~s 11 8 I O m I S t I  -

Ba/ant is s p p .  4 0’~”i) o I .2~4~~
;.Nur~mpo~1 ~elug ei .‘ I I  ()~‘ I ‘ — I l  223 -

Bivalv e v eIugcr ~ 2 .4o1 54 ( 1 .51  ~5im

B r.i~-li ~ u ta  .‘om’.t 2.1 St) S0* l 344 4

Car id eam n larva e 3.o ” I l l  * 2 ‘
~‘4~ ~

~~~~~~~~~~~~ 
at One 5 - level

* *Sigmr i tl catn t at tIn e I ‘7- leve l

Phyto plan kt on take n in tow mt et samples :ure present ed j ut tabl e ‘) . I f re ~e pr e l im i t ta r y
results indicate that the d ia tom , S/se / e l ,  f rmu !1!~l . w a s nu int e rica llv d ot n imt ai t t  . l u r n o u m ~ pi ry t op la m tk —
ton samp led in the harbor . ai rd agre e with the results from previous studies (Au.  1965: McCain .
I 974)
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Table 9. Percent composition of major algal tuxa present in tow net san)p)es ,
Pearl h arbor Study. August—October 1978.

For site abbreviations , see legend , table 2

________ 

I I 
_____ 

.

~~ :1 J 1- 1
Tow~~ Sute t....

A-I PP3(l D 05 ~l 
~~ 1.4 0.5 1 . 8

4.2 PP3~t DI 96.2 0.4 3.3 0.1 —

.. \ 3  PP3~1 D) ‘) S.2 — l U  — 0.8 — — —

B .l Pl’2(D) 97 ,7 0.4 1.3 0.2 0.4 —

B-2 PP2( l) ) Qn. 3 - 0.7 3.0 -- - - -

B-3 PP 2(D) 98.6 - 1.3 — 0.1 - - -

C-I PP2(1) 98.8 0.1 0.7 0.3 — — — 0.1
(‘2 PP2(l) 98.1 0.4 - I S  — — - -

(‘.3-PP2 (l) 95.6 0.1 3.0 - 0.3 .0 - -

D-t STC(D) 97.2 2.4 - - 0.4 —

D-2 STC(1)) 98.9 -- 0.2 — 0.8 — 0.1 —
D-3 STC(D) 96.3 — 3.5 0. 1 0.1 — —

F-I PP3(I-l)) 98.2 0.2 0.2 1.4 —

F- 2 -PP 3 (t Dl ‘-14 4 0.1 4~ ~
- 0.9 - -

1.3PP 3 (I-D) 98.5 — 1.0 — 0.5 —

RIP INGEM ENT/ENTRAPMENT

During this study, no commercially or recreationa lly important organism s were iden-
tified from the traveling screen site at power plant 2. The plant foreman , Mr. Luther Bartels ,
has mentioned that in previous years (during power generation ) some fishes became entrapped
at the traveling screen site: however , infrequently. Impingement of large numbers of nek-
tonic forms did not occur during this investigation.

Organisms present in the impingement samples are summarized in table 10. Impinge-
ment collections performed at power plant 2 yielded primarily fouling data, and thus diffe r
fro m results of other power plant studies performed in Hawaii (McCain , 1974; McCain , 1977)
and elsewhere (Austin e ta ! , 1973; Fisher et a!.. 1976; Lavaitis et a!. , 1976) which considered
only non-fouling organisms (i.e. fishes and motile invertebrates ) to he significant. There were
no economically valuable fishes or free-swimming macroin vertebrates collected in these sam-
ples. While anecdotal information from plant personne l indicates that impingement of poten-
tially valuable biota has occurred in the past , the present collections suggest that there is
negligible impact from impingeme nt or entrapment at power plant 2. Observations at power
plant 3 have verified tha t entrapment or impingement does not occur at this site because no

~~~ 

- 
screening devices exist there.
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Table lO. Ch eck list ol ’ org atnisrus present itt intpingentenl samples. Pearl Ilarbot Study ,
.\ ugt ist ..4)ct oher 197 8

I .t’ .a ( I s

I ORAM I NI F F RA
l:or .umnuumuuIm .m~i . umu u d . K

PORIF I R A
tr a gmnt ’uuls , u n i d e ’m u i i t m e t l  ( ‘

(‘OF I I -N l IRAI~~
II vii ro,oj

l’uhularia ~l’~ K
Ilalo r;rdu’h’ tIixtieIw (( ;tihdl uiss , I 52(.))
()ht’lju die!aiioiita (luiuu ~ieu~. I l’s 5) P

.~ uu thoioa
Arucruomu es , tu tu . I

P t A J ~~l ll- t MINl’IIES
l urb el lan a , tin iii. I,

NE M E R I F A
Nem nn ertea , unud . K

N I MATO I ) A
Ne iniat oml a , um nid. It

B RYOZOA
!IoIop ore’!la s lm l l . ( 2 )  K
Watersip ra edmondsopti Soule & So~Ie . I ‘lo S K
liugula spp. ( 2-) K
.-I ,natl:ia distans Husk . I 886 K

ANN F LI DA
Pn tyc haen es

( ‘ln a eto pt crud u e (‘

MO l I US(’A
Bivalves

II iutt ’II a huwuiiensis (Dal I , Bartscl r & Kel td er , 193$) P
ARTUROPODA t ’RU ST ACF A

(‘opeptud a
Harp actic oid iu , u m n ud. K

Ostra cod ’a
(‘~-Iun dr okberi duda e K

Mysudace a
II (’t( ’IVPH .1’5IS xl’ - P

Isopoda
Mesanilsura hwrogivp !uea Miller and Met u ,ies , 19 52 P

- - Ainnp hipod a
b.rtct!um tus hrasil it ’,msis l iana , I 852 ( ‘

Podneertis hra siliensLc l) ~una . 1853 V
Step wrlu ’e ga llensis ci also S. , ‘a!ida (‘

N atam nii a
Pa laeiuot: p aeiJ’ieus ( ‘)  K

ART 1IR OI ’ODA PYCN OGON~DA
.-inop lodae: ; ’lus ,‘ortuis (‘ al inn am n. I ‘-)2 7
b~’ndeis spp. (2) ,

P igrogrotn itus timsanux (‘ali nn am n . I ()~ 7 K
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rable 10. ((‘onti in u ed )

fax a Occurre nce

l - ( I I I N O D I .’RM A I .1
Ophiurou ds. uurtd.
l-hu lo thu ni.i . uniml. P

TtN I (’.-~ l- ~
smmlitar ~ , t un ic au c s , uuu d p

32 i .u ~~.u

I ecend : Rare = p~m~t’n I mu I sample t ’ m a t  <5 - nnm’an i r em I um ’u us - s Pre’s’m n t 2—3 s . iuu i  p k.s . 2— 10 uiud iv ud umal s , i i i

s— sn- mnnean f requency :  C oi nm nn t ur n = 2—3 s am uup les . I I —50 uuud ivm d uals , or S I — ~0- - niearu I remluienes - ‘s e t s  com-
mon = >3 sa uui p les. >50 m viii u.ik. or > -‘0- . - tuu e.in I req u eti5 -v -

HABITAT FOR~IERS

Fo tul imrg data have been .‘ ~a Iv ied to describe and compare i r rit  ial epi I~iu,taI set I lenien t
at  three locations ut  Pearl I lar isor. [‘r ip l ica le foui im tg pa m iel s of each sub str a tun t  (PV ( ’ and
asbestos) were exposed at power p lants 2 aur d 3 from 2 1 Septett sber— m October I 978 and
again from ~~— 19 October I 978. At the Sub m arine Tr a ii ri r rg (‘enter ~Fond Isla ird I site , panels
were exposed from 21 Septe m ber— 12 October 1978 and again f ’rot ri 1 2— 2 6 October 1978.
The three—week exposur e at Ford Island wa s the result of suppor t boat maifunct  ion , and
planned retrieval was delayed f’or air extra week. A dd i t i o t r a I l v ,  simtgle pamn els of each type
were exposed during tire perio d I 2—26 Octob er at eaclr site. These typical two-week settle-
merit patterns are slrown in panel plrotograp lr s (figure 2 8) .

Fifty—two fou l ing  taxa  were id en t i t ’ied from biota a t tached to panels or present it t
panel washings (table I I ) .  The numb er  of ’ fouling tax a P reset -i t and t i reir  :mbu u n da nc e were
greater at power plant  3 t lt an at power plant  2 atrd tIn e Submarine Tr a itring (‘enter  (Ford
Island) . Yet , the nun t -merica l abundance and number of ’ taxa were greater at the For d Islaust
site than  at power plant 2.

Seven dotri inant fouling groups were identified (‘torn biot a enunre rate d during grid
count an alyses. These selected grou ps are : “amphr ipo d tubes ” (tubes ot detritus and ad lne—
sive . built  on tire substr at unr by various species of ’ tub i colous amplripods. primarily Erie—
thonf us  (,rasi!i( ’nsis at these sites) . “Ba!an us ” (11. ret len/at us am -i d j uveniles ),  “I3ryotoa ” (coin—
hining ilolop orella and IVatersipora), “Canipanularuds” (com b ining  primarily O/ ’e/ ia (/I(’/?O—
to~na and ( ‘lu ’tia hetnisph at ’riea , svhich cami only be distit rguishe d at higher magnific atiot i
than used in grid counts), l) ip!osoma ,naedona/th , “lln ’droides (primarily II e/eg~z,, s) and
‘‘Spiror b inae ” (several species of this serp ulid polyclraete subfamily) .  Sta l is l ics f ’or f ’re quei r cv
counts are presented it t  table 1 2 .

The results of this analysis are Presented itt table 13 . which indica t e s  that (‘or six
fouli n g groups ( “atnphipod tubes .” “Ba/a nus ,” “Hryozoa ,” “Campan ular ud s .” “!!n drozde~.s
and “Spiror h ina e ”) frequency of ’ occurrence is sigirif ’icant ly relat ed to location. Substrat e is
significantly related to the occurrence ~t ’ only two groups (13ry07.oa and Spirorbinac ’i . and
for Bryozoa tl r~ significa n ce is barely below tIr e 5—perc ent level. lInu s, stmh stra tutr r  does not
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Table I I .  List ot ’ fouling biota collected t’rom three study sites in Pearl Harbor ,
August -October 1978

SuhTra(’en
Taxa Power Plant 2 Power Plant 3 (Ford Islamud )

FORAM INIF E RA
Foramin ’u fera , u nid. - R —

CO EL ENTERATA
Hydroioa

Bougainvilliidae (‘ K (‘

Clavidae P P
C~vtia hemisphaeru ’a (Linnaeus , I 767) V V v
Obelia bid entata ( 7 )  — R
Obelia dichotorna (Linna eus , 1 758) V V V
Sertulariidae R

Antho ioa
Anemones , uui id. — - - P

PLA TYH ELMIN THES
Turbe llaria , unid. P C C

NEMA TODA
Nematoda , un id. P C —

BR YOZOA
Holoporella spp .  ( 2 )  K P P
Watersipora edmondsoni Soule & Soule , 1968 — P P
Bugula spp. (2) — P -

Amathia distans Busk , 1886 — R

ANNEL IDA
Polychaetes

Spirorbinae R C p
kvdroides spp. ( 2)  (primari ly H. elegans) V V V

MOLLUSCA
Bivalves

Hiatella hawaiensis (DalI , Bantsch & Rehder , 1938) — P —
Anornia nobilis Reeve , 1859 P P P
Bra chidontes crebnstriatus Con rad , 1837 — R -

Gastropods
Ver metidae - -  R P

ARTHROPODA — CRU STACEA
Copepoda

Flarpa cticoida , unid. R C C’
Cirripedia

Ba/anus reticulatus Utino mi , 1967 R P P
Ba/anus spp. (juvenile) P P P

Ostracoda
Cyli ndro lebendida e R — P
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Table I I .  (Continrued ) .

Suh Frat ’eu u
1ax ~i Power Pla m ut 2 P ,uw ~’i P lan n m i i -  . um d i sland )

.-~RTl IROPODA ( ‘RU STACI - A ((‘ou ut i ,uue d)
Tamnaid acea

* 
!.eptoehelsa duhia (9)  (Kro v et . 1852) K P
.4na tanais insularis Mille r , 1 940 K K K

Isopoda
~‘,tesa,mt~,iara hierogirphica Miller and Me mi , ics . I 052 K
Para et ’rct ’is se ulpf a (I  lo lmnnes , 1 909) K
1) n ’name,nella sp. K K K

Atn iph ipoda
Paracap rella pu s il/a Mave n , 1 890 K
/~.ricrhonius brasilie,zsis (Dana , 1853) V V S.
POd(lCt’TUS brasiliensis (Dana , I 853) C’ S. I’
Stenothoe gal/ensis ci. also S. m a/ida P ( ‘ I’
( ‘orophiunz hae iuni Slnoetriaker , 1934 K P
P/ion s hawaiieusis J L. Ba nnt and , 1955 P
L’Iasrnopuspiikoii . L. Barnard , 1970 K P I’
E/a smopus raj~ x Costa , 1853 K
Leuwthoe’ /iu ’helia J. 1. Barnard , 1965 K P

Na lant i a
Pa laemon pac ifi cus (‘)) K

ARTI -IROPODA - - PYCNOGONI DA
‘Inop loda ct-t ’/ us p or tus (‘almn an , 1927 (‘ C K
L’ndeis spp.  ( 2 )  C’ (‘ K
.4 PnpPa-) thella biunguiculata (Dohr n . 1 881) C K

EC HINODERMA TA
Oplt iuro ids , un id. K

TUNICATA
Botr~1loides sp. (‘ P P
Syrnpleg,na connecrans Ink ioka , l94’~ K P I’
Dip loso ma rnacdona/d i Herdmiramr . 1886 C P (‘
Didem rrinidae , un id. C P P
solitary tuni cates u n r u d. K P P

35 44 38

Legend: Rare = present in I samrrp le or at ‘~5 -  mea mr fr e qu eun c v : Present 2—3 samp les . 2—1 0 u mrdu vi du als . or
5—50 % mean frequency; (‘omumon = 2—3 samp les , I l — S O  imt d iv idua ls . or 51— 7 0’ ; -  trn t ’ am n f’r e quei nc v . \‘ers- cotuu -
mrr on = >3 sample s, >50 individuals , or >7O~ nicair frequen cy .

41

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Table 12 .  Percent frequencies of selected foulin g biota at three sites ,
Pearl Harbor Study, August -October 1978

*Suh Tra(’en
Power Plant 2 Power Plant 3 (Ford Island )

laxa (m i = 6) x \ I ~ ‘ I
PVC Panels

Amnph ip od lubes 16.00 19 .02 4.50 2.2 6 15.00 4.34
Ba/anus .83 .5 5 2.33 2.58 1.00 1. 10
Bryozoa .50 .55 2.83 1.60 2.83 2. 32
Campanula n ids 6650 23.37 23.67 11.66 7 1.67 38.10
Diplosoma macdonaldi 4.67 1.86 7.33 3.20 12.67 0.25

!h’droides 14.66 3.38 37.50 7. 18 72. 17 28 . 87

Spirorbinae 1. 17 1. 17 3,50 1 .64 1. 17 1. 5 1

Asbestos Panels

Amp hipod lubes 15 .1 7 16.57 1.83 1.34 11 . 83 7.73
Ba/anus 1.33 1.51 3.33 1.86 5.50 4.04
Bryozoa 1.17 .41 6.00 3.90 3.67 1. 97
Campanu tarids 59.67 12.06 40.50 23.48 79.83 18 .36
Diplosoma macdonald i 8 .33 5.85 2 .1 7 2 . 14 10.50 7.01
llvdroides 22.33 4.76 25.33 3.27 74.50 27 .$~
Spirorbinae 1.17 1.17 9.17 3A3 1.17 .98

*lncludes 3.week exposure data for first series (see text ) : all other data are for 2-week settle mnei rt record.

Table I 3. Analysis of variance (ANOVA) for fouling data obtained at
two sites in Pearl Harbor , August—October 1978

Substrata Location Interaction

Taxa Ft p Ft p Ft p

Amp hipod lubes .120 . 732 6.032 .022~ .031 .861

Ba/anus .995 .329 5.419 .029* .106 .748
Bryozoa 4.604 .043* 16.092 < .OOl*** 2.057 .166
Campanularids .407 .530 15.657 <,00l*** 2.438 .134

Diplosoma macdonald i .25 7 .617 l.3~ $ .250 8.906 .007**

Hydroides 1.260 .274 4 1.580 <.001*~~ 24.509 <.00l***
Spirorbinae 11.2 02 .003** 37 .24$ < .00l*** 11.2 02 .003**

~ F-values a nd p’s arc af ’ter pooling the interaction and errors sums of squares i f imrteracti ons is
non-significant.

*signifu can~ at the 5’ - leve l
**signif ~icance at tine I’ - level

***sigflificaflce greater than - 17-
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appear to inf ’luence settlement of ’ fouling organism s as st rongly as other condit i omns st m dn .1%
water temperature , pollutant load , water chemist r~- , d c )  at these tw o loca ti onrs.

While the f’oul ing c omnr m unity in Pearl Harbor is generall y diagnost ic for tine cs t m i , um - \
(compared with other locations in h awaii) eacir I oc at iomt exhibit ed certa in simrgu lari i ies tin
fouling characteristics during two week exposures. The percent Inequen cies at power plam i t  3
were lower titan at power p lant 2 for “amphipod tube s ” and ‘‘(‘at upanul arids . ” wi n i l e  higher
for “Ba/anus, ” “Bryozoa ,” “ll .r ’dr oidt’s ,” and “Spirorbinae ,’’ species that  are m ore t~-pic aI I~distributed by ships. Consider ing imt terac t iomns between substrata and I o ca t i omn s . tine perce iti
frequency was Irigher for Diplosmna ,naedona!di on PVC ’ at power plant 3. but higher on
asbestos at power plant 2. Similarly, while the percent fre quemr cv ol ’ lln ’dro it/es was Inigh er
at power plant 3. the difference was more prom iounce d on PVC thair on the asbestos panels .
\Vhile “Spirorbinae ” were also more numerous at power plant 3, tIre diff e rence in this tax. i
was more prom iounced on tire asbestos panels.

NEKTON

Field observations amid fi sin trap co ll ectio mr s were similar to those pr ev iously report ed
f’rom Pearl Harbor (Evans , 1974) . E stuari nte n ektonri c b iot a compnise ant important recre.i-
tional and potentially commercial resource itt the harbor. For tunate l y , fr omn .u N a vy opera-
tion al standpoint , tire most valuable t’ishes and nu acroinivertebr at es are present ly located ]
away fro m the shipyard and Sout lr ea st Loch regionts of ’ Pearl Harbor. N ehu . for instance ,
are primarily concentrated itt West , Middl e amid Northeast Loclr areas (Ucln i d a and Sumn i da .
197 1), Certain motile species such as juvenile ( ‘ara nx ~several species) . E/op x han *’aiit ’n. cis
and Mugil e(’pIzaIus, move freely about the inar bor and were collected most often t’rourr \S. cst
Loch , Middle Loclt , East Locit and either end of ’ Ford Island (I : 5.~ tts  I 9~4), Most n ek tonic
species are capable of ’ avoiding or leaving unsuitable emiv ironn ie nt s .

lchthyo logica l data gathered d uri ng the present study are conthined w i th  re levairt
data from prior imt ve stigat ions (Evans et a/. 1972 : Evants , l9~ 4) and pr esemrt ed itt fable 14 .
Five representative species have been selected front this l is t ing and are described itt de ta i l
( see appendix A). Previously reported patt erns of ’ fish d ist r i but iotu  itt Pearl Harbor (Evans .
1974: McCain , 1974; Peeling, Groviroug am id Evans , 1972) irav e been exanrrin ed and ohs~ m- s a-
tions during the current study itave generall y verified those data ,  No im t dic ation r of ’ ads -crs~’environmental eftects attributable to cooling water sy stems on nekto iric .ussemrr hla gc s we t c
observed during this plrase of the study at thre e sites S. nrew distr i bu tional  record f ’or one
species of ’ butterf l y fish , ( ‘/za etodo,, ep / uppuon ( ‘mivie r and Valem i ciennes , I 83 1 , was obt aitr ed
from trap collections (several individ uals) adjacent to power p lanrt 3.
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Table 14. Checklist of’ fishes observed at three sites,
Pearl Harbor Study . August— October 1978

Family (Connnron Name : Hawai iamr Na m e)
Gen us & Species (Na ming aut lto rity and date) PP2 PP3 STC

Acanthu n ida c (Surgeonfishes , Tamngs: Palan i , Pua lu)
.4canthw’us dussumeri C & V . 1835 - - (‘

-I . mataC&V . 1835 - -- C P
A. xanthopt erus C & V , 1835 V V (‘
Naso brevimstris (C’ & V. 1835) -- - P
Zebrasomaf lavescens (Bennett , 1828) -- P

Apogonidae ((‘ardinaltishes; U papalu)
.-lpogon snvderi J & E , 1903 p P
Foa brac ’hvgr ammus (Jenkins , 1903) P P

Beionidae (Needleflsh , Stick tIsh: Aha -aha)
Tv/ osuru s crocodilus (Per on & LeSucur , 182 1) K

Blemtm t iidae (Blenny : Pao ’o)
Omobranchus e/ongatus (Peters . 1855) - P p

Carangidae (Jacks : Papio)
C’aranx rnateC&V , 1833 P C
C melampvgus C & V . 1833 P C
C sexfasciatu sQ&G, 182 5 -- P P
Gnathanodon speciosus Forska l , 1775 P P

Carcharhinidae (Small Blackt ip Shark, Volador ; Man n )
Carclwrhinus limbatus Muller & Hemrl e , 184 1 K

Chaetodontidae (Buttertl yf ishes: Lau hau , Kika kapu )
chaetodon auriga Forska l , 1775 P V C
C ephippium C & V. 183 I - -- P -

C lunula (Lacepede , 1802) C - -

C mi!iarisQ&G, l825 - V

Chanidae (Milkflsh; Awa)
C’hanos clianos (Forskal , 1775) - p -

Congridae (White Eel; Puhi uha)
Conger cinreus (Ruppell , 1828) C - -

Diodontidae (Porcupinef lsh ; O’opu-kawa)
Diodon holocanthus Linne , 1758 P
D, hystrix Linne , 1758 P

Eleotn idae (Sleeper Gob y ; O’o’pu)
Asrerropteryx sennipunc tatus R uppell , 182 I I I I

Elopidae (Hawaiian Tarpon , Tenpounder: Awa-awa)
Elops hawaiensis Regan , 1909 - P

Engrau lidae (Hawaiian Anchovy; Nehu )
Stolephorus p urpureus Fow I cr , 1900 P C P
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Table 14. (Continued)

Fann ily (Comn tt nno n Namnr e : Hawaiian Name )
Gen us& Specie s (Nan r ing authority and date) PP2 PP3 SIC’

Gobiidae (Gobies ; O’o’pu)
ctenogobius :ongare i ’ae (Fowler , 1927) P P
Gnatholep is anjerensis (Bleeker , 1850) p
Opua nephodes Jordan , 102 5 K

Hemiram itphida e (Half’beak: Iheihe , Me ’e-nre ’e)
f iemira mp hus depauperatus Uiv & Bennett , 1 839 — (‘ p

Holocentridae (Squirre lt ’ishes : Ala ’ihi , Menp aclri)
Flammeo saPnPna ra (Forsk al . I 775 1 P
Myripr istis ‘nurdjan (Forska l , 1775) K

Kuhliidae (Mountain bass , Flagtai ls: Aholehole)
Ku/i/ia sandn’icensis (Steindachner , 1 876) P C’ P

Labridae ( Wrasse: Hinalea)
Srethojulls baltea ra (Q & G , 1824) - R P

Mugi lidae (Striped mullet . Ama-anta)
Mugil cephalus Linne , 1758 P P P

Muf l idae (Goatfishes; Weke ; Ku rnu )
Mulloidichthvs samoensis (Gunt irer , 1878) R P -

Parupeneus pleurostig~na (B ennne t t , 183 I) R --

P porphyreus (Jenkins , 1903) (‘ C P
Upeneus arge J & E , 1903 P - -

Murae nidae (Moray; Puhi Laumi lo)
Gymno rhorax undu/atus (Lacepede , 1 803) P C P

Myliobat idae (Eagle Ray; Hihimanu)
Aetobatus narinari (Eup hrasen , 1 790) — P

Ostraci ontidae (Boxfish; O’opakahu)
Ostracion me/eagris camurum (Jenkins , 1901) - P

Polyne midae (Threadfin; Moi)
Polvdactvlus sex/I/is (C & V . 1831) — C —

Pomacentri dae (Damse l fish; Mamo , Aloiloi)
A budefduf abdominalis Q & G , 1824 — C P
Dascyllus albisella Gill , 1862 — p

Scaridae (Parrot tlshes; Uhu)
calotomus spinidens Q & C , 1824 — R

Sphyraenidae (Barracuda ; Kaku)
Sphyraena barracuda (Walbaum , 1702) P P

Synodontidae (LizardlIshes; Ulae )
Sauridagraci/is ( Q & G , 1824) p P
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Table 14. (Contimrue d) .

i:,nimlil v ( C omn n mr no nr N anti c Hawaiian N ante 1
Genus & S~seeies Nam in un g authori ty ami d date ) PP2 PP3 S I (

Spli v rm nida e (Scallop ed llanrmrrerlne ~ist : \ la im ki lmik i l im )
Sph n ’rna /ewini (Gr if tl tIn & Smit In , I 834 ) P (‘ I,

Tetrao donttidae (S~ t t  Pu ffe rs: \ lakm m nnaki )
,‘t r c) f h rc ) ?l hispidus (L im n mn e . I 758 1 S.’ V C

Lair clidac 1 S.l ~~~t is li Idol : K i l t  ik i l t i  1
Zane/us eornutus ( Lim r t ie , 17 58) p p

14 50 24

Legend: T = too nu irr erous to enuirt:  V = very conr mn r on (1 0+ ) : (‘ co mr r m n ro mn to — 10) : P = pres ent 2 — 5 ) :
R = rar e ( I ) :  C & S.’ = (‘uv ier  amid \‘alencie i iuics , J & l- = Jordan and i- v e imuann . Q & G = Quo~ annd G a im n ard.

BENTHOS

Benthic hiota identified t’ronr collections obtained during this study are listed in
table 1 5. Forty-three taxa and their relative abundamres~s at various study sites are presented
in this list. Comparisons with  previously collected benth ic  data (Evairs . I 974 ) suggest that
no measurable cha nges h ave occurred in the benthic communities of Pearl Il arhor.  TIn s comi~-
portent of the harbor ecosystem is apparently quite stable.

Table I S indicates that the disch arge site at the Subnrarine Training Center (Ford
Island) has the most diverse henthic  assemblage of tIre t lrree sites , wi th  37 recorded taxa .
Samples t’rom study sites adjacent to discitarges from power plants 2 and 3 conrtain ed 2 1 and
24 taxa , respectively. Previous intensive collect ions at the power plant 3 site (Evans, l ’) 74 )
recorded 32 tax a at this site. \Vhen compared with nine other stations iii tIne harbor, ti n s
assemblage is about midway in numerical abundance ot’ different tax a .  The rapidly sloping
bottom combined with a rather monotonous soft mud and debris substrata tends to decrea se
the number of taxa at this site , and at power plant 2.

Two members of the henthic community,  tIre stone crab , T/ :a!a~nita inregra . and the
nestling clam , Iliatella /zar t ’aiensis , h ave been selected for further discussion in appendix A.
Adult benth ic fauna are essentially unaffected by cooling water systems in the harbor . How-
ever . larval forms from the benthos are susceptible to entrainment ef ’fects. Exantination of
data collected during this investigation does trot demonstrate adverse effects for either larval
or adult benthic organisms adjacent to study sites.

4(~ 

-~~~-~~~ -- --



~~~~~~~

-—

~~~~~~~~~~

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-—- ‘-

Table IS . List of benthic biota collected from three study sites
in Pearl Harbor , August— October 1978

SuhlraCen
Taxa Power Plant 2 Power Plant 3 (Ford Island )

PORIFERA
Terpios zeteki de Laubent’els , l~ 3t~ - - K
frag ments , unidentified R R

N EM F RT EA
Ne nt erm e a , unid. K P

NEMA TODA
Nenna n oda , unid . K (‘ P

ANNELI DA
Oligochaetes

TubitIcidae V C S.’
Polychaetes

Polynoidae - K
Amphinomidae — p
Phyllodocida c - K
Hesionidac K R P
Sy tlidae K R C
Nereidae R — K
Eu nicidae R R P
Dorvilleid ae R — R
Spionidae R H C
Cirratu lidae S.-’ (‘ V
Capitellidae K P C
Chaetopte ridae — C —

Orhiniidae R R P
Paraonidae — — P
Ophel üdae R P R
Cossuridae - — H
Sabella rudae - R - -

Terebellidae - - K R
Sabellidae — K P
Serpuhdae

Hvdroi des spp. (2 ) — R R

MOL LUSCA
Bivalves

Ostrea sp. — P
Niatel/a hawaiensis (DalI , Barts cln & Rehder . 1938) K P
Brachidonres cerebrestr iatus (Conrad, 1837) — K -

Gastropods
Crepidulaaculeara Gmelin , 179 1 — P

ARTHROPODA/CRIJSTACEA
Ost racoda

Cylindroleberididae R K
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Table IS .  (Continued ’) .

Sub Tra( ’en
T axa Power Pl ant 2 Power Plant 3 (l ord Island ’)

ART1IROPOD .-S. ( ‘RVST .-S.(’E.-S. (Colt t i n ued )
1-anra idace-a

-lpseudes sp. I - - p
.‘lp se’udes 

~~~~ 
2 P - V

( ‘irolana sp.  ci . C pars’a P K P
-S.tn ph ipod a

Lrict/u ’,uus hrasilie-’nsis Da mna , I 852 P
1,ep nhos inacromanus (Shoenrakcr . I 925 ) K K P
G~r op I niunm iusidiosnmz Crawf ord . 193’ K

N a t a u t  ia
-I /p /ze us inaeka i Batrtner & Baminner , l~ 74 — P
.4lpheni s rapa cidu tie Man . I ~) II P K -

Pala emnom nida c , unid. - R K
Braclnyura

Thala,nita inregra Dana , 1852 - - R

SIPF N(’ULA
Sipunculid . un id. - - - - - - p

ECHINODERM AT -S.
Opliiuroids . mud . P - - —

TUN I C AT A
Didemiiidai’, unid. — K R

____________________________________________ 2 ! 24 37

Legenr d: Rare = pres enni i t t  I samirple or at <5~ mean frequenc y : Present = 2—3 sam ples , 2—1 0 itndiv idua ls , or
5—5 0 7- meant frequ etncv : Com irn tomt = 2—3 samples, I l — S O indiv iduals , or 5!  —70 7- mne an frequency : Very comnn-
mon = >3 samples, >50 individuals , or >70~1- mean frequency.

WATER COLUMN

Temperature data collected during this study are shown in figure 2Q . Each site
exhibited a different and specific thermal response. At all three sites. eftluent water is dis-
charged onto surface harbor waters. Field observations indicate that  thermal et’fects remain
primarily at the surface. As seen in figure 29a , heated effluent water from power plant 3 is
readily detectable at the surface: however , on several occasions , cooler water was recorded
from one-metre depths at the discharge when compared with simultaneous intake tempera-
tures , At ti n s station , the discharge is located along a near-vertical ledge where maximum
harbor depths (about 20 metres) have been recorded only 50 metres from the discharge
shoreline. Power plant 2 exhibits  the h ighest disc inarge tenniperatures observed in the harbor ,
yet these elevated thermal conditions are also generally restricted to tine tipper metre of the
water column. Figure 29b shows the thermal e ffects of boiler shut-down on two occasions
amid the corresponding resut ription of plant operations. Evt’m r wi th significantly elevated dis-
charge tentperatures , hiota adjacent to the discharge from power p lant 2 is diverse and abum’i -
dant. The Submarine Training Center on Ford Island does not appear to contribute a iry
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Power Plant No. 3

— I I I I I -t I I I
30 7 14 19 21 76 28 3 10 12 17 19

August Septembe r October

( b )
43

42-

4 1 -

40 (1615)
39 (14 14)

38

ou 3 7

~~~ 36

~~~~35
10 metres from discharge 10 metres from discharge

34 Power Plant No. 2
I-

32 U 20 metres from discharge

31

30
- A 10 metres from discharge (Boiler shut’dowl )

29 (Boiler shut ’dow n ) a 20 metres from discharge
28

£ tO metres from discharge
27

t t 1 t I
30 7 14 19 21 26 28 3 10 12 17 19

August September October

~~~31 ( c )

°-. 30 Subtracen (Ford Island )

__

September October

A 1 metre depth (int ake) U surface discharge

~~ 1 metre depth (dischar ge ) (3 ‘1 metre depth, discharge conduit before entering harbor (PP 21
S 50 mm depth (discharg e)

FIgure 29. Temperature data collected at three sites, Pear l Harbor Stud y, August-October 1978,
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si g m n ifk’amnt thermal anomalies to tine harb or i see figure 29c) . On t lnre e o u t  of f ive  samp litng
dates , disclt arge ten np er atures were nnn easurab ly lower t hna n t  a mh i em nt .  Cooling water from the
Submarine Trai n inn g Center is fresh water , y et no adverse effects of di lu t ion on harbor b iota
adj acent to tlne discharge were observed. M axi mn unt i—m inin n unn temperature data recorded at
stud s sit es during this survey are listed in table l (i . Power plaint 2 exh ib i t s  the greatest rann ge
amt d lnig lne st temperatures in da ta  trotnn three s tud y sites.

\ \ a t e r—nn o t i o mn data collected at power plants  2 am i d 3 are prescmnted itt t ab l e  17. Tlnese
dat a indi ca te that 1-toth s it Cs exp erie mn ce si m ilar w ater  t in oti omi conditions. The integrated
water  mn tot i on ta lues t ’r om n n clod—card exposures imndic a te  t h a t  tIne study site s itt Pearl Harbor
arc rel at i~etv low wat er tuoti Olt environm emt t s , compared to other Pacifi c Basin si t es

ros hn oug. I tY’~ Hennderson antd ( ro vhiou g,  wnp tmbl i sln ed d a t a )  From the dye s tu d i e s  made
during normal plant opet -ations . res idence - in~es tot cooling water in the P lants were deter—
mu ted to he 25 minutes at power plant 2 annd 45 m imi utes  at power plant 3. I)isclnarge plume
characterist ics for each site dunring trade wind conditions are depicted itt figure 30. At  po\~~r
plant 2. the p lunne was vi suall detectable t’or about 100 metres out into South ( ‘ln amnne l

— 
(toward Ford Island, see figure I ) .  Mild northeasterly trade winds tended to pus ln the p lum nt e
in a wester l y  direction during slack low tidal co n dit io m ns.  Tine area of thermal int ’luenn ce was
restricted to the upper metre ot’ the water colum ut i , Power plant 3 ex lni b i ted a localized lIner-
mu al effect in sur face waters.  The discharge plu mr n e r eturn n etl to near ambient cond it loins
wit  hin 25 metres of tine discharge structure.

Table 16. Max inn un i—n nni n im u nt  water temperature data recorded at three sites,
Pearl Harbor Study , August—October 1978

Temin p eratur e ~~~(
‘)

t oca tion Date(s ) S.! ax inl um in M itri m u m nn

Power p lant 2 ~~ — 12 Oct ~‘S 37.0 31.0

12- 17 Oct 78 40.0 2Q ,O

1 7 —I ’) Oct 78 39.5 26.0

Power pla m st 3 l 2 — l 9  Oct 78 31.8

l°-26 Oct 78 30.5 26,0

SuhTraCent (Ford Island ) I ’)—2 6 Oct 78 2~ .5 2 5. 5

- 

t
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REPRESENTATIVE IM P ORTANT BIOT A

Nim ie tee m n ta xa were selected as ~epreseintat ive i mnrport alnl bi tni a l r om in the I In rec ‘ii uth
areas in Pearl 1 larbor. l ’inc sc orga lnism n is are listed l it tab le IS aunt ! m t ’p m t ’’t ’m r ( .i %~ mdi , ’ i . imi ge of
e m nvir om nnn em nt al  r eq u iret nn eints amn d a t t r ibu t e s  such as beln.i~ iou ,~~ i,~ ~~~~~ k~’tIimr g R pt’s. in ah -
itat desiderata , am n d pIty let mc ~I i v e u s m l v .  ‘l ’lw lust i inc lu dt’s l ’m vi ,’ speci es ot l’ish ut ’s . l i n t  ce m n i el o -
p l ankto mni c groups , tinree species of’ lnoloplainkto,n , omn e chlor ophyt e alg. , . a st’rpui md pol~ cl n . i e lc
worm , a tube— dwellin g annpl nipod . one comn)momn acormn barmnacle , a imbiqi mm ious crab . tlt1C m n t ’sl lu ng
cl anni , a co lomni al l sry o , oamn at ntl a c o in nmnom n species of ’ com n ipo umn d t um nmcalc , I- .ic ln of ’ I liese
selected taxa fuu nctio m n s u n  t ine m nn aim nt em na m nce of tine I’ear l Harbor t’cos vs t t ’ m nn - F xu sl m tn g lnarl- ’ot

— biotic as semnihla ges repre semnt a comt npl ex mln lx tL I re  of ’ umltl i gem n ous amr tl cxi i i  k. lot mn is  ( t i n t ’ l. il I em
otten imntr oduce d l ro mr n slni ps ) t i n a t  in ave varied re spomnses to a I l t ’ m a t i t sm n s  ( mt1an—imndu ~.’ed ot

natural )  in tine c m v  i ron m nne m nt .

Tinest’ selected biota at e  i m n duv Id tuaIlv discussed itt ap pe mn d ix A. I a \omnt i mn n  mc m i nI o r m n ia —
tion, di st r i butiotn a l  p a tternn s ,  trophic r ela t io mn sln ip c w i t h i m r  tine Ina r t- t or e~’osystt ’m n n . c o ol im ng ~ .u lct
systems effects on eacin taxon and the estinuated ecological and ecomnonni e si~ nif ica mnce of each
form are presented in narrative desc r ipti onns. Line drawings of t y pical mnn cm nnb e rs of eachn t ax om i
are also provided.
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‘l’abk I S. Representative im n nport am nt biota selected t’ronn data collected
dur im ng a Pearl h arbor Study, August— October l~~7S

I a xout (‘tim nn moin N amine Fee dung I s - ; ’ ’ R eunn ark s

I ha spp. ( ~ veral ) Sea Let tu ice li mnnu -~t fl O t t ’  ip iu ic II ali 11a m liii tue
green alga (‘hli i t ii 1 i li~ me

flu ’J r i i,th ’s eIe~aus r tuhes v tt r m nn~ serpu lid I- the m leeder St ’ ssih ’ t i i t i l t ’t
~nil~- cit at’ m e wor t i n gu ~‘ga l i i  I l l s

Ralanus re’t :eulatus Acoi in b ar in acl e ; Filte r k ’edem St ’ssile lou lem .

sessile cirri pe d gie gat t o u t s

Lru’tlu’p:iu.c l,rasillt’iixis ( ; a tnn i nr .u m it l  atn nplui p otl : Fi li e r leeder  \ Ii ’i tlt ’ ep t maum n al
crusnace~umn ( i i  it  h em I nbc dwelle m

TFzalamita tnt egra Stone cij l - ’. decapod Scav~’iige t ih’int lu uc: solmi . im
crustacean ub iq ni t  ous

illatella hast ’au ’ns:s N es t lim ng c lann: F il t et feeder I- p t m . u u m i t . u l  . Ik inu hi c ;
bivalve m nno liu sc habitat l i i i  t t t t ’ i

Bugula nt ’ritina i - r ec t  l-’ t~ i ’/o . i t i .  ( ‘a t l u l s i l i e  St’ssile I i i i i l e u
sessile ecnopr oct co lot n mj b

I)iplosmna ?fla( ’d( ,P l Uj (j j  (‘omii p oum nd tu t t ica me ; Fil t er feeder Sessik ’ liut mi e r ;
LI ro chord a me colotni al

.‘ieroeala,u~s iiu’rPPuS Copepod p la m nk lo t iuc  I herbivore I lol oplank t oun ic
ulri cr oc ru st ace an n

!.ue:J ’r c/mace: Sergest Id shr im rr p : Omnivore I I ol i i p lamnk tonic
ghos i slnr im n n p

Sagit ta t ’njlata Arrow wor mn n ; (‘ma e togila lb (‘ a rmn is -ore I l o b o p l au ikmouuic

Balan us nnaup lil Ilariracle larvae hi er feeder \Ierop l ankt om n ic

Moll uscamn vehiger Mo llu sc larvae Filter feeder S.k ropl am nki om nu c

Rrachyuran /oea Crab larvae F i lter feeder Mer op lank to mn i c

,tcunthuru, c .vanthrup terus Surgeotn fl shn; Pualu I lerh ivore ; Graier Schooling specie

~4rnth r op z /s ispidnas Sot ’i pu f fer ;  M aki mn nak i Ot in inivore Soli t . i t v speci es

caran.v uze’kwq;;~u.c Jack ; om in ihi nin a ; pap io S.l id- w. mt e r  i,’a t i t i v o t e  Scino ol ing species

Parup eneus p orphyreus ( “oat f ’ish: kutrn u l3 em n tlri c c a r m nm vo u e  ( regar iotm s species

Stolephorus purpu reus Hawa l iam i ai n chos- ~- P l ,umn k ti vor e Sch noo ling species
tr ehu (ba it tls in)
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I ) ISCUSS I ON AN I ) (‘ONCL USI ONS

GENERAL

l ine priu nla ry objective of this  im nv e st igati om n was to evalu ate  t ine umi npact  of ’ coolimng
water syst ennns ott ntn a r it ne i,’t ’ni nnm n imm ni t  ies adIa ~’cmut to t h ree Sites lit Pearl I harbor . I w i of win 1cm
operate bot In innt ak e amnd discharge structures ainti u~e Inarh or water as a t’oo lim ng mn ied iunn , win lie
the t h ird site disc lnarge s heat ed freshwater i mnto th e  estu ary . G e m n em - ai ly,  coo l i t ug  wate r  svsteu nn s
at the study sites produce omily un itno m and locali zed imunp at .’t s on tin t ’ harbor e ’osvstem. Pearl
h arbor comn ta i i i s  a mn r u lt i f im c cted estu ari une eco sy st ennn wh ich In~s been s igun i ij ca ,nt l ~- modified by

• in u m nn am n activities. Harbor biota have d em nnom n str a t ed a rem arkable r e si l i emnc v to various pert un-
b at iott s titi riug t ine past 50 years. Present ecological condition s u n  Pearl I Lurbor rcpre semnt a
comntp lex mn ni xture of ’ imndigen ou i s and exotic biota w i t l n  varied respomnses to m n n amn— j nd nce d .ilter ;t-
tion i s . p ollutant  stresses amnd c ln aunges itt h ar b or  dvnannic s .  Sit e—speci f ’ic p a t lerm is j u n the data
and en virom nnue nta l coitnp ari somns between tine sites are disctusse d in tI n s secti omn.

INTAKE AREAS

Studies at intake areas of power p lants  2 annd 3 provided data for en tr .m i n n rrcmnt , en ntrap-
ment and (f ’or powet- p l annt 2) iu n npitnge mnn ent evaluat iom is. 1’Inese studies imn c lud e tow -mn et  am nd
f i l ter—pump plank ton samples , diving and pino t ographn ic obse rvations , s e t t le m nn e m n t pat t erm s on
t’oul ing pan els amid m nekto n data f’ronn f ’i.sln t rap samrnp les and pre s-tous studies.

DISCHARGE AREAS

The effects of t Iner mn na l effluent tl iscinarg e at all t inree sites were t’x amn i ined u simng tent—
perature data , dye studies , umnderwater observations , flsh trap sanrp les . hem nt Inos data and
plankton collections, Zone of ’ mix iung  estimates were made f ’or each discinarg e site.

POWER PLANT 2

This site could Inave several impacts ott tine Pearl 1 harbor ecosystem particularl y
through entr ;m im nn i emr t of ’ zoop iankton aun ti larval f ’islncs amn d elevated water tetr rperat ures itt
ef ’tluent discharges. Alt lnougln mortali ty of emn traim te d zoop launkton is appar en fly  greater at
this site than at power plant 3 , overall im p in gement of ’ economnically sig mn if ’ic amnt biota was
negligible durim ig the study. The cool inng water eff luent temperat ture is quite elevated at ti n is
site. However , even the worst-case analysis of t ini s  site suggests only minor effects on tine
adjacent harbor ecosystem front lneated ef’tluent. Adverse effects are localized wit ln in  severa l
hundred metres of the disclnarge. Data suggest that  the present zone of m ixitng could be
reduced to a 500—nnetre radius f ’ronr the poi mnt of discinarg e (figure 30). Fve mn during Ko mn a
(south) wind or strong nor tlncast trade wind conditions , tine proposed zomne of nnix in g would

* be adequate. An increase in wind speed appears to accelerate tine nn iximng of surf ’ace waters
with the cooler underlying water tuass. Fv apor ;mtive coo hinng is also emi lnai tc ed d u rimng increased
wind conditions. Tine impact of ’ tine t ln ernna i discinarge at th i s  site is ft nrth er  reduced by I’ve-
quent ship traffic (causing sig m nificamnt mixing )  along c lna m rne l areas (Fvat n s , 1974) . No amnti—
fouling chemicals , sucin as cin lorinn e , are used in tine cooling water syste min af t l ni s  site.
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POWER PLANT 3

This site has beemn consistently evaluated to have less impacf Ott tine harbor ecosystem
than power plant 2. The proxi mity to deeper , open channel water areas (figure I 1, as well
as only a nninor elevatio un in discharge water temperature , support a mne gligihle adve rse im pact
evaluation. P lanktonn , nekton and epifaunnal communities adjacent to this site appear to be
t inriving. Tine zonne of nnixing (fig u re 30) extends less t i n a n i a 30-metr e ra dius u nto the inarhor
during most wind and tidal conditions. Enntra in me nt  effects represent the only demonstrated
adverse impact on the harbor ecosystem and eveni these effects are localized and of ’ ntegliguhl e
impact to the p lan tkton ic ecosystem. Again , power plant 3 does not employ a m tv intake
screeninig devices, and no antifou ling chemicals such as chlorine are added to the sy stem at
this site.

SUBMARINE TRAINING CENTER

The Ford Island discharge site under pier F -I exhibits typical F a st I och biotic asseun-
blages. Impact from the therma l discharge is negligible. P la n kt on ic , nek ionic , epil ’au t ial am nd
bertthic communities show no indicat ion t of adverse effects t’ront tine discharge. Th ne zomne of
mixing is estimated to extend a maximum of 10 inr etr e s front tire Ji scinarge structure (remain-
ing entirely under the pier ). No ant ifou ling clnemicals are used amid cooling water eI ’flut’nl at
this site exhibits no measurable impact on adjacent harbor biot ic assennhlages .

BIOLOG ICAL OBSERVATION S

The inherent variability of p lankton densities , primarily due to p atel n in i e s s  in estua m’itne
systems, is a well-known phenomenon (Copelan d er al., 1 97(; Edninonndso n, 1937; Raynnoint .
i~ o3; Riley, 1967). The present collections provide a genera l validation of pat terns observed
in previously collected harbor plank ton data (McCain , 1974 ; Grov inoug, unpublished data) ,
M c(’ain ( 1974) discusses several re levamt t features of tine Pearl h arbor P lankt on ic ecosystem
in comparison to Kaneohe Bay: I )  phytop lankto mn hiomass is approximat ely three times
higher in Pearl Harbor; 2)  herbivorous amid carnivorous zoop lamnkton hionni ass in t u e  two
Hawaiian embay ments is remarkably similar; and 3) the larval t’ish population s in I’earl Har-
bor are notab ly higher than in Kanueohe Bay. Data collected during the pre senit study yielded
few larval fi sh specimens; hnowever . seasonal or diurnal variability may partially explain this
observation. More larval fish were pr esent inn late afternoon to sunse t collection periods.

In general aspect , the Pearl Harbor zooplank ton communities arc similar to those
observed in Kaneohe Bay (Smith , 1978). Open coastal holoplanktonic fo rm s are more com-
mon in Pearl Harbor samples than in Kane ohe Bay samples (Vijaya Gopalakri shnan, personn al
communication ). Merop lanktonic form s (those life stage s, often larvae or eggs, of fish es amid
macroinvertebrates which reside as plankton during part of t ineir life cycle) are important
components of the Pearl Harbor plankton ecosystem annd were well-represented it t p l annk ton
collections.

The total number of’ zoop lankton present in filter-pump satn np les from power pl aint 2
intake areas is consistent ly lower when compare d with power plant 3 intake collections.
This pat tern suggests that power plan t 2 occupies a location wi th in  t i ne lnar inor (i .e. ad~acemnl
to the Pearl Harbor Naval Shipyard amn d m~~or ship bert h ing facilities in Southeast Locln )
which may already be reduce d in environmental suitability for vari ous p lan k t on ic  tax a .
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This patter n was also suggested by fouling panel settlement data. While power plant 2 ap-
pears to exert a greater entr ainment impact , the actual effects are probably min innnize d be-
cause of its locat io n , restricted area of influence and the reduced volume of ’ cooling water
pre sently used when compa red with past pla int dat a.

Impinge m ent was evaluated at power plaint 2 . tine omn ly study site where intake
screening devices exist. Impingement of large concemit rat ions of jellyfish has also occurred
during fal l and ear ly winter mont h s. Intensive field observations du rimng previous Inarbor
studies (Eva ns , 1974) have also documente d the seasonal abun dance of the rhizosto rn e
j ellyfish , PhyllorIzi:a punctata von Len denfeld , 1 884 [as Masrigias ,~apua (Lesson ) I . Tine
densest concentra tions of this organis m have been observ ed in West Loch ; however , indivi d-
ua ls hav e been reported from nearl y all areas in tin e harbor. Imping ement of other mnon-
fouling (mot ile) macroinvert ebrates or fishes was in signn ificant dur ing this study.

Marine fouling organisms repr esemnt the primary habi tat formers inn tine Pearl h arbor
ecosystem. One objective for exan nn in n ing short-term fouling response was to obtain n quantita-
tive data link ing larval availa bi lity with existing longer- term settle ment patterns on pilings
and other underwater struc tures at tine study sites. Additiom t a hl y, tine epifaunal fouling corn-
munity has re cently been shown to reflect an integ r ated respo mnse to harbor environmental
conditions ( Rastetter and Cooke , in press). Da ta from fouling pan el a rrays ex posed l~ r
two-week int ervals were collected at study sites during this investig ation.

The number of fouling taxa present and th eir abunda nce was greater at power plant
3 than at power plant 2 and the Submari ne Training Center (Ford Island ’) . Yet , tine numer i-
cal abundanc e and number of taxa were great er at the Ford Isla nd site than at power plan t
2. consider ing the Submari ne Training Center discharge site as the nnost typical or “nor-
mal” in relation to fouling, for the East Loch region of Pe arl Harbor , tine effect of power
plant 2 is to decrea se fouling connmuni ty pa rameters , both in nu mber of taxa and number of
individual s , inn those data. This pattern was seen in plankton data as well . Tine fouling conn-
munity at power plant 3 is nnore dive rse t ina m n the other study sites , pro bably because of its
location in a less stresse d area of the hiar bor.

The butterflyf ish , C ’J,aetodon ephippiu ,n. collected adja cent to power plant 3 is
more typic al of clearwater , open coastal reef and samidy botto nt environnnen t s. A food habit
study in the Marsha l l I slan nds by Hiatt and Strasburg (1960) describes t ln is species as one
which feeds on living coral polyps and algae , prim arily, bu t also has been reported to ingest
crustacea and polychae te worms. The pr esence of this species may suggest that certai in areas
of Pearl Harbor nna y be returning to mor e “reetlik e” conditions. Other nnennbers of t ine
nektonic ecosystem represen t more typica l Hawaiian estuarine fo rms. No significan t impact
on nek to nj c biota was at tributable to coolin g water systent s during this stu dy.

Benthic fau na present at discharge sites generally repre sent typical f’orn ns for tine
Pearl Harb or ecosystem. There was no indication of adv erse effects attrib utable to tine mn av al
installat ions under evaluation during this study. The distributio n of harbor bottom conn -
munities appe ars to be influe nced most strong ly by available substrata an d depth inn Pearl
Harbor ,
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SUMMARY OBSERVATIONS

A summary of ’ impact at cooling water structures for representative t axa categorie s
measured du ri m ng this innvestigat ioi n is t ir ovide d itt table 9, TIne values give m n represe mnt q ua m n—
titative est imates of im nnpact exper ieinc ed in tine ii n rn ned ia te vicinity (wit  m iii 10 m n n etre s ) of
cooling water structures. ‘[lie disc h arge structure at power pla int 2 exinibited tine greatest
impact ott harbor biota. Power p laint 3 had unnuc in less imi npact on tine I nar b or ecosystem. The
Suhnnari mne Trai mn imng Cemiter dischnarg e shig htiy enni nanced assemnnb lages of ’ sonne biota , vet t ine
overall  imnnpact at this structure is mnegligible.

P lankto nni c and epifaun nal biota were gem nera h ly the innost susceptible f ’or ms to adverse
iinnpact. Win ile sonnn e asse mni blag es in t ines e groups were significantly reduced iii nn un nn b er , cer-
tain t b ri m s such as U/ia (a gr eemn alga), .4canthuru s .vant / ioptef l ~s (a inerbivorous su rg eomnfls ln ),
.-Ir o t/:ron Izisp idus (a sot ’t puffer )  and Iliatella hawaj ensis (a nestling chant ) were em nhnam n ce d

Table 19 , Sumnnm ary of ’ itnipact at intake and discharge structures , Pearl Harbor Study.
August - - October 1978. ln nn pact values represent estimated percent r ed uctio mn ( — )  or

enhancement (+) in the int imediate vicinity ot’ ti ne structure .

____________ lu nr pac t _____________

Represe ntative 2 
—- 

p p, ; STC
Connpone int Taxon/ Categ ory I D I D I)

Plank mon t A t’r oc’ala,Iu$ if lL ’Tf lhis — 15 —80 —20 + 15 0
Lucif er chaeei -25 -50 -10 -30 0
Sagitta enf lata -20 -50 - hO -25 0

Balanus naup lii -30 -b0 -25 -40 +5
Mollusc atr veli gers —20 —40 -5 — I S  0
Br achyurat n zoea — 10 —30 -5 — 1 0 +5

Epifauna Ulva spp .  0 +5 + 10 +30 0
Hydro ideselegans 0 —20 + 10 -10 + 10
Er iethonius brasil iensis —20 —30 + 10 —10 + 10
Balanus re ticulatu s -5 -15 +20 -10 +20
Bugula neritina 0 —10 0 -5 + I S
Dipk) sorna ,nacdonaldi + 10 0 0 -10 + 10

Nek ton ,4canthurus xanthop terus + hO 0 + hO + 15 +5

Arothron !mispidus 0 +10 +5 +20 +10

C’aranx melampi ’gus 0 0 0 +30 0
Pa rupeneus porphv reus 0 0 0 0 0

Stolephorus purpureus 0 —10 0 ~5 0
Benntl nos Hiatellahawaiensis +10 —1 0 + 10 0 +5

Thala,nita integra 0 0 0 +5 + 10

Water Co lummn Temperature 0 +50 0 +15 0
Movenn ennt (Motion ) + 10 + 1 0 +5 +5 +5
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- near cooling water structures. OUter biota such as the goatfish , P arupene us po rphi ’reus and
- 

- 
tine crab , T/:a!amita inlegra were relatively unaffected at study sites ,

In gemn era l , tine cooling water systems studied during this investigat ion repres emit onily
nninor and quite localized innpa cts ott the overall Pearl Harbor ecosyste nmi . Tine t h ree study
sites have provided useful environnnn ental data winic in serve to further expand presen t knowl—
edge of this complex Hawaiian estuary .

I

r
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APPENDIX A

Representa tive Impor ta nt Biota
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This appendix presents descriptive information and line drawings of selected repre-
sentativ e organisms encountered during this study. These biota have been listed previously
in table 18 and are further described in this appendix.

U/ va is a geographically widespread genus of benthic marine algae (Tsuda , 1968),
that may serve as an indicator of hUg h nutrient environments (Borow itzka. 1972 ; Littler and
Murray, 1975). Several species of U/ n a have been reported from Pearl Harbor (Evans , 1974)
including: U/v a fascia ta Delile “limu palahataha ,” U. lactuc ’a Linne “limu ilioha or Iinn u
pakaea ” and U. reticulara Forskal . U. fa scia ta (figure A-i) is considered edible (Abbott and
Williamson , 1 974) and is harvested around Oahu for both home consumption and public
sale in local markets , (i/va is often found in estuarine areas along shallow flats , usually
attached to hard objects such as rocks , shells or metallic debris. U/i a is also a diet item for
CeTtain other vertebrates such as shore birds and fishes. Several surgeonfishes (including
Acanthurus xa nthopterus. A. mata and A. dussumeri), striped niullet (Mugil cephalus ) and - -

milkfish (Chanos c/zanos) are known to feed on Uui ’a in Pearl Harbor (Evans , 1974). This
species is a habitat fo rmer that bonds and modifies tine substratunn and provides surface area
on which other organisms may settle. The presence of U/i a at study sites is restricted to a
narrow intertidal zone (about I 5Onn nn wide) on vertical pilings and along the rock ledge and
concrete discharge structure at power plant 3. Uh’a distribution is influenced by the com-
bined effects of nutrient availability , fish grazing, intolerance to desiccation and sunlight
exposure. (i/va was not observed in shaded environments (such as under piers or inside
conduits). It occurred in an apparently healthy state adjacent to the discharge plume at
power plant 2 attached to outer pilings exposed to water 4—7°C warmer than ambient , and
thus may hav e a considerable degree of thermal tolerance. No distinctive distributional
patterns for Ulva were observed in Pearl Harbor during this investigation . Present cooling
water systems operations do not appear to adversely affect this chiorophyte alga in Pearl
Harbor.

H,vdroides e/egans (Haswell , 1883) (figure A-2) is a sessile serpulid polychaete worm
that is a major fouling organism with world-wide distribution. The species previously re-
ported as 1-lydroides norvegica Gunnerus , 1768 (Grov houg, 1976), has recently been

V10mm

Fi gure A - I .  Ulva fasciara (from
Abbott , 1947).
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1 mm

Figure .-~- 2 . I ln ’droides elegan.c
(drawn I Pat Brasln).

identified as 1-lydroides e/ egans by Dr. Julie 1-i . Brock . Universit y of ’ i law a ii . according to te m n
Hove (1974) . H. elegans is a conn innont nnember of estuarine Hawaiian fouling funa and was
a domi nnan t orga nnis m nn observed onn fouling pamne l s u n  Pearl Harbor durimng t inis im nvest i g at iom n .
From tine stan dpoi mnt of nnn ar itinnne operations . II. elt ’gans is t rul y a mnuis annce species wl n tch n
creates severe foulinng prob lemnis onn slnip inulls amn d itt pipimng syste mnn s. The worm secretes a
fragile , white calcareous tube whic h nnay have two lomngit ud inal ridges aloing its upper sur-
face. initially, these tubes are formed alonn g con t ours of ’ the stnbstratunnn , of ’temn begi nnnimng imn
a loose spiral. In sonne lnarbor areas such as Southeast Loch , further tube deve lopnn emnt
proceeds iii a straight growtin fornnn with the distal ennd of tine tube ot’tcin risi mng perpendicular
to the substrat unn. H. elegans has been observed to t’or nnn dense nmn a ts nm foul imng p amn cl s
reac hnut ng a height of up to 11 Onnint inn thre e mnnont lns (Grovlnoug. I Q7 C~). Sett l emn nemn t and
rapid growth of this species occtnr throughout the year iii Pearl Harbor. Dense tube worn mn —

aggregation n s provide habitat for nn a mn v other fouling orga mnisn n s , sucln as hrvo zoamns , innollusks
annd other polychaetes . 11. elegans also comntributes in iam n v larvae to the harbor p l ankt om n
comnn nnun i ty. Tine et ’f ’ects of ’ cooling water systems on this species are probably m neg ligible in
Pearl Harbor , due to the restricted site imnt luenn ce s and widespread occurr emnc e of this fouli mng
organisnn wi t hn in t ine harbor .

Ba/an us reticulatus Uti n ommn i , 1967 is a circun itropica l acorn barnacle tha t  has beenm
widely distributed by ships in most oceanns of ’ tine world (Uti mnom nni.  1 9o7) . Tinis species is
part of the Balanus amphitrite commnp lex amnd is m o w  considered s mno mn vnm nou s wit ln Ba/a nus
arnp l: itrite comrnunis Darwinn , 1 854 (N e w m n n amn ami d Ross, I Q7~ ), lii Hawaii , tlnis species
(figure A— 3) is a dominant fouling t’or rmn in em n n b a y m e mm t s  suchi as Pearl Harbor and Kamtenint ’
Bay, Oahu (Grovhoug, 1976). B. re tieula tus is a mod erately st ei no lna l imn e . sub tid al species
winich is usually found in embaymnne mnts t lnat do not expe r icmnce severe t’res inwater d i lu t io m n .
According to Utinom i (1967), t lnis species is cotnt ’imned to tine upper subti dal regiomn (2—10
metres below MLLW ) . Recorded predators omm adult harmn ac les fronn the ln arh or are : tine

( i 3
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1 mm

Figure A-~ - Ba/anus retic’ulatus
( dr aw in h~ Pat Br a sin )-

surgc omnfish (.‘lcant/wrus inata ’f . w hich proba bly have ingested barnacles incidental to algal
foraging: tine t ennpounnder ( Flops hant ’aiie ’nsis) : aind tine soft p u f f e r  (.‘Ir othr on /i i sp idus)
i:v~u ins . 19 4) . Adult  barnacles att ac ined to vert ical  pi l i ings amnd other sinnilar substrata in

Pearl Harbor comn tribut e vast nun mnbers of larvae to tine p la nnkto n n .  Zoop lamnkton da t a  collected
during t inis stud ~ indicate tine avai labi l i ty  ot’ barnacle larvae iii harbor em nviro m nm em nts adjace mnt
to study sites. Na u p h i i  larvae provide a tn maj or source of food l’or f’ilter feeding organnisn n s in
tine inar h or . (‘o oh imn g water s st cm nns cause mnnorta i i t  to b armnacle m na u p h i i , vet tine localized
influence of t h ese losses is comnsider ed innsi g m nif i ca m nt  to genneral ec o svste mnn f’unnctionns u n  t ine
inarbor.

1’,ru’ t/zo,zius hraciliensis (Da mna , I 8531 , a gannim nnarid amphipod wlnicin is widely distrib—
uted u n  tropical am nd te mnnp erat c seas (Bar m na rd , 1971) is sin owtn u n  figure A—4 . Thn is filter—
feeding species forms demise mnnass es of s i l ty  tubes attached to piiim n gs and docks in Pearl
Harbor. F. bras/liens/s is a prey species for mnna ny fislnes in Pearl Harbor. Bent lnic carnivores
such as bonefish (A/ bula n’ulpes) annd various species of goatfis hes (inclu ding Parupe,zeus
~orphvr eus and Mullo idiclz thn-s sanu ‘llsjc), feed ont gannn n iarid aimnp h ipods itt Pearl Harbor ,
accordin g to Evans (1974). Durinng thu s previous study F. brasiliensis was also very abun—
dannt omn pi i imngs. F. h rasilien.cis is described as.~’i po llutio n—t ole raint species that t’orms a sigmn if-
icant comupo mnent in cstuarin e ecosv stennns with n imigin m nutr ients , co mnce mntrat e d orga mnic detritus
and turbid wat er com t dit io mns . such as time polluted et ivironnne nnts of Los Angeles-Long Beacin
In arh ors in sout i ie rmn California t B ar t ’ia rd annd Reish , 1959; Bartt ard . i968) . Gi m nni ci a!.
( 1974 ) reported inigin survival rates for gatn mnnarid ampinipods during an em ntrai nmn ncnt  et ’f’ects
study at Consolidated Edison ’s In di an Point nuclear power plant on tine Hudso mn River estu-
arv. Observatiomns duri tng tine presetnt study suggest that  em ntrai min ne m nt mi norta l i ty t’or amnnp in i -
pods in Pearl Harbor is not critical to ar m function of tine harbor ecosyste mni . Tine pri m nnary

1 mm

Figure -\-4 - b.’ricrhon ius bra siliensis
(t ’r om n i Ba rmta rd, 197 1).
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con tribu tion from E. bras / liens/s to the Pearl Harbor ecosystem is probably as a source of
food. This species is nuot appreciably affected by cooling water intake or discharge struc-
tures at study sites.

Thalamita integra Dana , 1852 , a portunid crab which inhabits most benthic environ-
ments in Pearl Harbor (Evans , 1974), is shown in figure A-S . This species isa  benthic scav-
enger that feeds on moribund or detrital material found on Inarbor bottom areas . T. integra
is frequently collected from Pearl Harbor , for both market sale and home consumption.
Piscine predators of T. inregra have been identified as Caranx sexfascia tus, Elops hawaiien-
sis, Parupeneus porphyreus and Sphyrna lewini (Evans , 1974). Because of its benthic habi-
tat, this species experiences little effect from cooling water systems in the harbor. Individ-
ual crabs hav e been observed immediately adjacent to cooling water tunnels for both power
plants under study.

~~~~~~~~~~~~ ~~~~~~~~~~~~~J’ /~4lJ
~w ~~
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E l
10mm

Figure A-S. Thalamita integra
(from Edmondson , 1933).

Hiatella ha waiensis (Dali , Bartsch and Rehder , 1938) is a nestling clam which has a -
widespread distribution throughout Hawaiian estuarin e environments. This species (figure
A-6) commonly occurs nestled among epifaunal foulin g organisms. As a juvenile , H. ha-
waiensis forms byssal threads which function to attach it to the substratum ; adults have

5mm

Figure A-6, Hiat ella hawaj ensj s (from Dali ,
Bartsch and Rehder , 1938).
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rock—hon ing capabili ties as well ( \ ‘om n ge . 19 7 1) .  This species was the uno st ab u m nd ai nt  be nf im i c
amn d pi le—dweil imig org anism collected durinm g e\ te nnsiv e in v cs t mga t tomns at hO station s in Pearl
Harbor durin g ti ne period 197 1— 1973  Evans , 1974 1. ii. I iawa ien.s is is a l i l t e i - - le e dimig b i v a lve
winich , wini le quite snm n all iii s u e  ( 2 — i  Sn nm nn ), provides both food and h a bitat lor other org.i-
nisnis in n Pearl Harbor. Its veliger larvae (figure A-I 3) art’ susceptible to entrain m ent am n d
ensuimug immortal ity . Cooling water systemn is probab ly have a minor d Ied on tine di str ibu tion
of t h is species itt the imarh or.

Bugu/a ne’ritina (Limnmnaeus , I 758) is a r e d d ish— b r owmn branching, erect brv o,o,ntm
(figure A— 7 ). This colonial organism is a com n imn i o n nears imore t ’ou li sn g species w inic in is wid e ly
distributed arourn d tine world in w ar mn i tempe rate am nd trop ical waters. On Oahu , th is species
has been reported f ’ronn Pearl Harbor , Kane olme Bay, 1 hawaii  Kan , Ala Wai Y acht Basin . and
lion oli ,ilu 1-larbor (Soule amid Soule. I 9~ $ 1. /1. Pi er/ twa h a s  been collected t hroug hout tin e
s-ear f’ronn these Hawaiian wafers  and app are mn i ly reaclnes a mnaxii mnu m m n age of ’ about m n imne t  y
days ( ldm nn on ds om m , 1 944; ( rovhn oug , I 97(, ). Wi th imi  Pearl h arbor . ii . neri uin~i is dis t r ibuted
i n n all ioc lns . p art i cu larly iii Southeast Loch and un tine miaval stupyarti a nti Hospital Point
areas F v amis , 19741. This species is a p la nk t n v u r o i i s  mni icr ocarm n iv ore tha t  uti l i ,es a speciaiiied
“cage captor ” l’ce dit mg n m ecl n an is m nm (Wi n s t om n , 1978). Surro umndi ug mat eria l is often stained
red dis im brown n to purpl e by tine leached p ig mn nem nt l’ronmn dead B. ne’r itina as nn ori b umn d colonies
fade to a dull brown or ta m color. /3. Pu ’rif ina colomnic s t or nn a m mnicr o lmabitat  for vari ous otiner
org anisnm n s , especi a lly sea sp iders pycnogonids) and skeletomi shirinmp (caprelhid amn nphi p o d s .
Cooling water syst emnt s do not adversely affect the d i sir i i ,ut ionn ot B. nor/tim: in I’eanl h arbor .
a mmd comnver se lv , 1a tin suggest that  d is trih u tin in and grow t i m are favored for Bnigula adj acent to
study sites ,

portion of bianth

•nt ir. colony
1 mm

Figu re A’7. Hugo/a ,u’rilina ( d u a w u i  h~ P~m i Bra sh
a m i d Wa 11cr [ cli ida) .
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Figure A.9 . -I ‘r ~ ~~~~~~~~~ /ne ’rpn/s (d ia wtn  k- I’amn ( ‘ I ni m ng )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Tmrn~~~~~~~~~~~~~~~~~~~
zo.a larva

Figure A. 10. 1.ueiJ ~’r elm aet’i ( t t u ~in n Wi eksts ’ad , 1 ~)o~).

cotmsists m ai m m l y ot’ zoop lannkt on . L . ( ‘ha ( ’(’i was wel l—r epr cseintt’tJ u n  all ioopla n mkt o t i  mn el lows
amnd was comn n nm i onm inn most fi l ( er—punmn p co lle ct iomns during this  s t u d y  it appa r cnnt iv t h r i ~ c’s im i
most areas of Pearl Harbor. -

Sag/ r h, t’nf latc,, a vorac ious carnivore , is slnown iii fi gure A- I  I - im i a receti l sI i md ’~( Uirota , 1977), the principal Food for S enfl at a i n n K aneo lme Bay was reported as m mnic to-
copepods. especially .-lero (’alanus iner inis , Oit/: ona siin~;le v and Lut ( ’rpwa a( -uti ~r ons . i l na t
arc also conummon copepods in Pearl Harbor. Otiner jnre~- species were copepod mm a upl i i , f In e
appendicularian (Oiko ple ura) , Stolephorus larvae and other Sag itta. This species was pres—
emmt inn all zoop iatmkto mn coll ect iomis nnm a d e dur ing  t l mis survey .  ‘rite cooling wat er systems do
not appear to significantly reduce time abun dam nce of ’ this  species inn Pearl Harbor. Mamny
individuals were observed in power plaint 3 disc inarg e samples in ~n mi ap par emntl y  ineaI t lm ~ s’o m m—
dition , i indicatinng thro ugh—plai n t survival.

Th ree mmne rop lankt onic groups have also be etn selected as represe mi t al ive of tmm aj or
larval conn ponennts in tine Pearl Harbor ecosystem: barinaci s’ (Ba/anus ) m ma tm p h t i . tmm oll u scan
veh i ger larvae and br achnyura n (crab) zoca.

Barnac le mn aup h i i (t ’igure A— 12) were abundant i n n nearl y all ioo p lamn k t omn collections .
These active , min oti l e formm i s provide a substantia l  source of ’ food for m mm a mm v hi l t e r— fecdi mm g and
carnivorous orga n ism -n-m s in n the harbor ecosyst enm i . Barnes ( I  Q~~~) a mmd (‘r isp ( I  974) im av e tlis-
cussed larval release amn d sett lemcnn t behavior I’or several species of ’ Balanu,c, B ar mm a c l e larvae
arc mn e a r i y continuously available in n Ha wa i iamn estuaries (Grov imoug, 1 976), Fm mtr a inn in e m i t
mortal i ty occurs to these fragi le formu s , hut the ab um ndam n cc ot ’ nnaupl ii , ev emm in discharge
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r:iguir c -~- l  l , S a g i r r a  euj lu,ta
( m in i ‘iV ok ’s ns’~id . I ~1(7 ~

Fi gure A-I 2. l3artmacls’ imaup h iu s lam va
(from Bam tns ’s, I 0(7~

coll ec tion s, suggests tha t  adverse eff ’ects t’romn co oh imt g water svsts ’ mmms are ver y loc~m hi , e d in t ins ’
harbor ,

Mo l lusca mi vehiger larvae (f’igiire A— 13) were also mnu m nneric ahl y  abum m da t i t  imn mi los t /on-
p l amnktomn sanmn pl es. Tinese con nmino n larvae pres umably originate (‘m ini sps’s’is’s wit im ab und am nt
adult  populations u n  the imarb or , sucln as lizatellu hant aiensi,s , oy sters , ver mnn eti ds , etc. Larva l
molluscs are prob ably qui te  susceptible to p u m in ped e nt r a i m n m m i e m mt  mm io rta l i l  y Beck aind Miller ,
1974 ; Copelaind ci a!., I 976), but this s tud y ’s data suggest that tine effects oh ’ s’ mn t r a imi mm n em nf
are very localized because adu lt  oysters am i d vs’m - mm n e t i d  mm n o ll usc s are ~-ei v com i nnno t m in areas
adj acemnt to tIme study sites. Ad~m nmn s ( 1969) den i omn str a ted t im id t I ns ’ s’i s ’va le d t s’m i n p e r a t t i m e
regimes at several Ca h ifor m ni a power gemn eratimmg pla mnf s ws’t’e t’avorahle to tins ’ set tim mg am ns i
growth of ’ mmlim nn y m mno ll usc amn sps’s’is’s .
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Figur e A- I 3. Moh lus cam i veR ger Li t sa
I m um Barnes, I ()~~~ ) ,

Br a chm y u ra m n (i.e. crab ) zoea larvae (f igure A- 14) are amm other m erop lammk t om mi c groupwhich provide abund ant  t’ood for n mn am n v h m~mrbo r or ga nn is mm n s . These active . mm notile t’or m nns were
well—repres ented u n  most zoop lan ktom n collections during time s tudy , Zoea larvae were espe-cially mmu n m erous in tow net collections ot’f Power plant 2 (table 4 amnd figure ~~~). T lmis groupof larval zo op l amnkt on does experi ennc e entr a in n m e mm t nm i orta l i ty .  but the in f lu emnc e of coolingwater appears to he very localized.

The y eil ow— fin mme d surgeon fislm , .1 can thorns xan i/ sop ters, .c Cuvier and Valent ’ien m ms ’s.1835 (figur e A — I S )  is kn ownm in Hawaii as tin e “pua lu ” and hnas a wide tropical d i s t r ibu t iom mthroug h out tine 1ndo—P ~mcific (‘m m  west ernn Mexico to east ernn At ’rica (T inker . 1978) Tin i sspecies is described as a grazing herbivore (Evans , 1974 ; Hiatt and Strashurg , 1 960; Jones .1 968), although nine specitm ien fmo m nn Pearl Harbor had ingested several t um ni c ate s , probablyincidental to algal grazing an thop terus is time largest n i enmnher of ’ th is genus in Hawaii .and sometimes reachnes a I e mi g tlm of ’ nn ear ly on n e— h a l f ’ metre. “Puahu ” are schooling fi shn and are

9 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figu re A -I  4. lj rach t y ur am n inca larva
(dr aw mn h~- 

J - (ho v lt snmg) ,
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Figure A- I 5 - A canthurus xanthop —
lerus (draw mn by J. Grov hnoug ) .

one of the connnnnon est species ar oumnd pier and pi h imng imabitat s in Pearl h arbor . 1  vwzzhop-
terus is readily captured in fish traps (McCain , 1974) and by hook and line fishing (Gosh inne
and Brock , 1 960). Durim n g trapping amnd fish tagg inng investi gatio mns imn t ime mnortlner tm sector ol ’
East Locln , Pearl Harbor , Mc Caimi ( 1974 ) demonstrated th at .4 xant/:opterus mnnove aboul the
lnarbor nnore tha mn other species eticountered. Tlnis species is comnsidered recr eatioun~m lly am nd
comnnercia lly it nnporta mnt. .1. xanthopteru s lnas be emn innp licated inn outbreaks of ’ cigu~tt e ra
(tropical fish poisonminng ) inn l- la waii ann waters (Halstead , 1967: HeII ’ricin . 1963). Data collect-
ed previously fromnn Pearl Harbor (Evans , 1 974) anmd observations made dur u mng t h is study do
nnot indicate an -my adverse distributiomnal effects attr ibutable to coo h imn g water sy ste imn s l’or t inis
species.

Arotisron hispidus (Limnmnaeus , 1 758), time sot’t pLmffer or “mnnaki m naki ,“ (figure A- l 6) is
widely distributed thiroug inou t Pearl Harbor. Ommmivorou s imn food Inabits . t ln i s so l i t ;mm’ y spe-
cies was collected in mnear ly all fisin trap sets during this s tudy.  Previous Pearl Harbor fish
studies (Evami s , 1974) ide mntified tine Pacific threadfi mn or “mnnoi ” (P olm ’daetn ’lus sevJ ’ilis) as a
single piscine predator of maki imnaki , , ‘l . / zispidus is a sinor el imne species winic ln t re qtme m nt ly
irn inabits pier and pi h inng areas as well as vertical ledge s itt the inarhor. Like ot lner soft puffer ’s
or balloonfishes (family Tetraodont idae) , this species is able to infl ate it ’ s  bod y wi th  eit h er
air or water as a defensive responnse (Tinker , 1978). Time tiesin and viscera of A. Izispidus are
extremely toxic (Halstead , 1967). The global distributio mn of ’ -1 Iz ispidus exte m nds from
Hawaii southward to the nort inern coast ot ’ Australia , westward thmoug in Micronesia . Mel amne-
sia amnd the Ph ilippi mnes throug in time East Indies ami d across tine h m nd i ~m m n Oceamn to tine east coast
of Africa (Tinker , 1978). Inn Pearl Harbor t inis species appears to t lnrive u n  evemn tine mmn o st
stressed environments (Evans , 1974), For .1 I s isp idus , there was no imndicatiotn of adverse
effects at tr ibutable to cooling water systems operation during tinis s tudy -

Figure A- 16. A roth ron h ispidus (I’roni
J or da m n and F,vernvj n in. 1903 )

7 1
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(‘ar anv inelamp i ’gus Cuvier anid Valencie mnm nes , 1833 is a f~mst—sw imn nn n nin n g, schoolinn g.
pelagic carmn ivore (figure A-I 7). Tine “omilu ” is one of ’ t lne mn iost I’requ ent ly caught “paplo ’’

~juv emn ile caram ngids ) in n Hawaii (Goslinn e and Brock . 1960) : it is also k mnow mn locally as “inosimi
ulua ” as ant adult .  “Ulua ” re fers to adult  (greater than 5 kg) carangids of ’ severa l species . (1
p~zelanzp vg us is am ex ce ll emnt gamnne fisin wh icin also has in ig ln comm ’mmn ercia l value (Gos l imne am id
Brock , 1 960). This species is distributed f’ro mnn Hawaii sout inward u n t o  ce mmtra l Poly nesi a .
eastward to wester mt Central Am erica and westward throug in Micro mnesi a . throug h tine East
Indies amid across tine lnndia m n Oceamn to the coast of Africa (Tinker , 1978), In Pearl h arbor ,
C ,nela,,zp vgus imas been observed to iimgest various fishes (including “mic hu, ’’ .-I s, ’rr opt i ’rn ’ .v
antd juvenile scarids) and a variety of decapod crustac camns . especially crabs and s fnri n m p
(Ev am ns , 1974). During a feeding re lationts h ip study oI ’t’ ko mna nm tine is la mtd of h awaii . Il ob—
SOn ( 1974) founnd that this species usually fed early amnd late in the day,  Scinools 01’ juvenile
C inela,npvgus ( I  00—200nnnnnn in length ) were connnnn on ly observed at all study sites during
tIme present imm v e stigatio mm . No adverse effects on-n this species due to cooling water systems
were appare mnt during either field observations or amn alytical interpretation ot ’ data for t h is
study -

25 mm

Figtmre A-I 7. (‘ar aux i;tela,npygus (drawn
by J. Grovhoug).

Parupeneus p orphi ’rc’us (J em nki ns , 1 903) , “kumnnu ,” a beautiful , deep red g o at h m si n . is a
m ighty-prized- recr eatiomna l annd connnnnercia l species j im Hawaii ( figure A- 18) . Tinis grega rious
goatfish is pri nmtari ly a bemnt inic carnivore , using its chimt barbels to probe tine botto mni sub-
stratum for dennersal fislmes and crustaceanms (Ev amns , 1974: Hobson , 1974) . The distribution
of ’ thi s species extends from -nt Hawaii southwa m ’d to centtral Polymnesia annd throughout adjacent
u ndo—Pacifi c regiomns. In Hawaii P. p orphy r c’us is probably tine conntmo mtest of the im nsh or e
species of this gemius (Gosline ;m m nd Brock . 1960). Titis species apparently t inrives itt tIne Pearl
Harbor ecosysteini , as it was tine nnnost cont mnnon l y trapped antd tagged species durimng imnt ensive
investigatio mns in the harbor duri mmg 197 1-1973 (Evans. 1974). “K umu ” were commonl y
observed and collected inn traps at study sites dur imng tine prese nnt imt v estigatio mn. Tinere was no
evidennce of ’ adverse impact from coo limng water syste mnns on the distributio mt of ’ t h is species
withi mn the h arbor.

25 mm

Figu re A-h S. Panipeneus / morp/zl ’r~’u, ’s
(dtawtn by J - Grov imoug ) .
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The “nehu ,” Stolep/ zorus purpur eus Fowler , 1 900 is time most innporta nn t bait—uis in
f’or skipjack tunna (Th ku ”) inn time Hawaiia mn I sla mnds (Gosline , 195 1: Gosh imn e amn d Brock , 1960:
Uchida and Sunnida , 1971) . This Hawaiiamt am nchmovy (figure A- l9)  inhabits tine quiet  waters
of ’ hays and estuaries such as Pearl Harbor tinat hmav e higln m n u tr iem t load s amnd r e suitimtg Inig ln
p l annkto mn comtcentr at iomns to support “neltu ” popu latiomns . Pearl h arbor is a mnnajor bait—
coliectiing site f’or aku f’islnern nnenn . amnd as sucin provid es ~m mn itnn porta mtt , conn nnercia iiy valuable
resource. Tlne distributiomn ot’ S. purpureus is believed to be li m nite d to H awaii amm waters

• (Ti mnker , 1978). Adult  “mtehu ” are snna hl (2 0—60nn tn tn ) , fragile . scimoohing fish wh ich feed omm
various p lankto mnic crustacea mns such as copepods. crab larvae, shm rimm t p larvae , ginost shrimp
(Lu e ’ifrr) amid barmnac le larvae (Hiatt , 195 1) , amnd spawmn throug hout tIne year in Hawaii
(Tester , 195 1 ). Predators onn adult “mnehmu ” inn Pearl Harbor tnave beenn idennti lied as (‘aran ,v
,nate . C ,nelamp n ’gus , annd L ’Iops /mawaiiezzsis (Eva mns . 1974). lit a com mnpre lm emtsiv e study nI
tine distributiom i of “ne lnu ” eggs amn d larvae , Au ( 1965) f’oumn d tinat larvae were widely distrib-
uted t inroug hiout Pearl Harbot , winile t ine dennnersa l eggs were restricted to the vic immi t y of ’ tIne
emitranc e ctnan nmn e l. McCain (1974) founn d “ine i ntm ” larvae to be comnsiderab ly mn iore conc emntrat-
ed u n  areas adjacent to tine intake amnd discharge structures of 1-IECo ’s gemneratim ig plaint in n
East Loch tha mn other areas around Pearl Harbor. Commnp arative data indicate t in at  popula-
tions of larval “nehnu ” were Im ighe r in Pearl Harbor than those estimated in Kaineohe Bay.
Durimng tine pres emn t study, f’ew larv al fish were collected inn tow m e t  or filter—pu mn ip emntraimn—
nnne mnt samples. “Nehu ” larvae amid eggs connnprised a snnna ll perc enntage of ’ total hiota idemnti-
fied , amid t inerefore , are miot considered to be sigmnificannt iy affected by cooling water sy s t e m i m s
at time prese mnt study sites,

10mm

Figure A- 19 . Stok’p/zo rus purpureus
(draw mn by J. Grovhoug) .
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APPENDIX B

Cumulative Checklist of Organ isms recorded durin g a study
at three sites in Pearl Harbor , Oah u , August — October 1978
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Taxonomic Hierarchy Genus/Species Naming Authori ty / Date

Cyanophyta (blue-green algae)
Oscillatoria les

Nostocaceae
Ch lorop hn yta (green algae) —

Chlorophyceae
Ulotricales/Ulvaceae

Ulva fasciata Delile, 1813
Chrysophyta (golden-brown algae)

Chrysophyceae (yellow-brown algae)
Silicophycidae

Dictyoc/za ?
Bacillariophyceae (diatoms)

Centrales
C/inc roceros
Melosira
Skele tonerna

Pennales
Nan ’icula

T/zalass ionep n a
Py rrophyta (fire algae)

Dinophyceae (dinoflagehlates)
Peridinales

Dinophy sis~
Protozoa (protozoans)

Sarcodina
Granuloreticulosia

Foramirmifera , several unnidentified spp.
Porifera (sponges)

Demospongiae
Hadronnerida

Terpios zeteki (de Laubenfels, 1936)
several unidentified spp.

Cnidaria (coelenterates)
Hydrozoa

Hydroida
Bougainvilliidae
~tavidae
Halocordyle disticha (Gold fuss , 1820)
Cly tia hemisphaeri ca (Linnaeus , 1 767)
Obelia dichotoma (Linnae us , 1758)
0. biden ta ta (?)
Sertulariidae
Tuba/aria sp.

Scyphozoa
Rhizostomatida/Mastig iidae

FIzy llor/ziza punctata von Lendenfeld , 1884
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Taxonomic Hierarch y Genus/Species Narn imng Aut inorit y / Date

Cnnidar ia (coelenterates) (comitin tued )
Ant lmozoa/Alcyonaria

Telestacea/Telestidae
Te ’lesto riisei (Duchassaimtg & Michelloti . 1860)

Anthozoa/Zoantharia
Actimmar ia/Aiptasiida e

.1 ip lasia ~uk ’J iella Car lgren , 1943
Ctem top hnora (commnb jellies )

Tenta cula
Cydippida

unide mntit ’ied ctennophore
P latyhe lminnthes

Turb ellaria
unidentified pl at marianm

Nennertea (rubberwornns )
unidentified nemertean

Nennatoda (rou mndwor mnns)
unidentif ied nennatodes

Amnne l id a (segmented worms)
Oligochaetes

Plesiopora
umnidemntified tubificids

Polychaetes
Errami tia

Aphiroditidae /Po lynoinae
Amp ininonn n ida e
Phyllodocidae
Hesiomnidae
Syilidae
Nereidae
Eunicida e/Eutnicinnae
Eumnicida e/Dorvilleinae

Sedentaria
Spionidae
Cirratulidae
Clnaetop terida e
Orbiniidae
Paraonnidae
Op Inc lidae
Cossuridae
Capite ilidae
Sabellariid~me
Ter cbellidae
Sabelh idae
Serpulidae/ Spirorbimiae
Serpul idae/ Serpulinae

!Ii ’dro ides c’lega;ns (hl aswe ll , l883)
I!m’drozdt’s sp .
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Taxonomic Hierarch y Gen us/Species Na mmnin mg Authority /Date

Sipunculida (peannut worms)
uniden tified sipu mncu hi d s

Art hropoda (arthropods)
Pycnogonida

Arnmotheidae
A,n,nor/zella biunguic ula ta (Do hirn , 188 1)

Callipellenidae
Pzgrogr o,nitus f imsa nus Calnnan , 1 927

Phoxichi lidiidae 
- 

-

A ’zop loda cti ’Ius porr us Calnn an , 1927
Endeidae

Endeis nodosa (Hi lt on n , 1942)
Crustacea

Ostracoda/Myodocopa
Concliaecia sp.
Cvlindroleberj s sp.
Para n ’argula sp.

Ostracoda/podoco pa
Bairdia sp.

Copepoda /Ca lanoida
Acartia fossae cf. hamata (Mo n . 1937)
Acrocala nus gra d / is Giesbrecht , 1888
.4, inermis Sewell , 1912
Calocalan us p as o (Damia , 1 949)
Clausoca/anus sp.
Po ntellina
ScolecitJ zrj n,~ sp.
Undulina n-’ulgaris (Darna , 1 849)

Copepoda/Cyclopoida
Coryceus sp.
Oithona linear is Giesbrecht, 1891
0, riana Giesbrecht , 1 892
0. pl umifera Bair d , 1 843
0. simplex Farran, 1913
Oncaea m’enusta Phil h ipi , 1 843
On caea sp.

Copepoda/Harpacticoida
Aegisthus sp.
Clv temnestra sp.
Eu terpina acu tifrons (Dana , 1847)
1$-f icrosetella sp.
unidentified harpacticoids

Cirriped ia
Ba/ anus z-eticz~latus Utinomi , 1967
Ba/ anus sp. ~juveni les)

Mysidacea
He t erom m ‘sis sp.
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Taxonomic Hierarchy Genus/Species Namin ig Authority /Date

Ar t hropoda (continued )
Crustacea (continued )

Tamnaida cea

~4pseudes sp. I
Apseudes sp. 2
Anatanais insu/aris Mill er , 1940
Leptoc/zelia dubia (Kroy er , 1852 )

Malacostrac a/ Isopoda
(‘irolana sp. cf. par m ’a

— Mesan t/j ura /uer oglrp /uca Miller & Men zies, 1952
Pa rac erc ( ’j ,v sea/pta (Holmes , 1909 )
Dm-’namene/ la sp.

MalacostracaJAintphipod a
Pa racaprella pusi lla Mayer, 1 890
Eri ctizonius brasj liensis Dana , 1852
Po do~’erus brasil iensis Da mna , 1 853

— Steno that ’ galle nsis ct’. also S. n ’a!ida
Lt’znbos nzacro n-za,zus (Shoe mnn aker , 1925)
(‘orophf uzn bacozzi Shoemaker , 1934
C insidiosupp i Crawford , 1937
P/io ns hanvaiiensj s J.L. Barnard , 1955
Elas,’nopus pi ikoi J .L. Barnard , 1970
£ rap~v Costa , 1953
Leucot/ioe hv/z el ia J .L. Barnard , I 96S

Malacostraca/Decapoda/Natanntja
Lucifer c/w cej Bowman, 1966
Pal cj emon pa cij I eus (?) (Simpsomn)
unidentified Palaemonidae juve niles
A/p/zeus znacka i ’i Banner & Ba mnmner . 1974
A. rapac ida deMan , 1 9 1 1F Malacostraca/Decapoda/Reptan tj a
Thalamita i,ztegra Da mta . 1852
uniden tified brachyuran larvae -:
stonnatopod alinnn a larvae

Mollusca (mollusks)
Gastropoda

Mesogastropoda/Vermetidae
unidentified vermetid spp.

Mesogastropoda/Calyptrae idae
Crepidula aculeata Gme h imn , 179 1

Gastropod vehiger larvae
Bivalvia

Mytiloida/Myt ilidae
Brac/zido n (Cs cre bris tr iatzis (Co mirad , 1037)

Pteroida/Ostreidac
Ostrea sp.
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Taxomnomic Hierarch y Genus/Species Naming Author i ty /Date

Mollusca (continnu ed)
Bivalvia (conti mnued )

Pteroida/Anomnniidae
Ano,nza ,zobi/ is Reeve . 1859

Myoida /Hiate ll idae
Iliatella /za waiensis (DalI , Bartsch & Rehder, 1938)

Bivalve velige r larvae
Ectoproct a (bryozoans)

Gynnnnnolaennn~mta
Cte mn ost on nnata d Vesicula niidae

.-lp n ut/z ia dista,zs Busk , 1 886
Cineilostomata/ Bicellariellid-ac

Bugula neritina (Li mn mi aeu s , 1 758)
Bugula sp.

— Clnei loston n ata / Snnnitti mi idae
Holoporella spp. (2)
tt ’atersipora edmo,zdsoni Soule & Soule, 1 968

Echinoder mnata (spimny-skin mied aninnals )
Opiniuroidea

unidemntitied ophiuroids
Holothuroidea

umnide m ntit i ed ho lothunianns
Chaetognatha (arrow worms )

Sagitta e,zjla ta Grassi , 1883
S. regularis Aida. 1897

Chordata
Urochordata (tunticates & sea squirts)

Ascidiacea
Botrylloides
Sn mpleg ,na eon nectanS Tokioka . 1949
Dip losoma ,nacdonaldi Herdnnan , 1886
unidentified didemnids
unide mntified solitary tunicates

Larvacea
unidentified appenndicu larian larvae

Vertebrata/Pisces
Chomndn ichthyes /Carcharhinidae

(‘arcizar izinus li,nbatus Mulle r & Heinle , 184 1
/ Sphyr mn idae

Sphvrna lewini Griffitin & Smith , 1834
/Myliobatidae

Aetohatus ~zarina r i (Euphras en , I 790)
Osteichttnyes/Elopidae

Elops Izaw aif ensis Regain , 1 909
/Muraenidae

Gm ’,n,zot/:ora ,v uzzdulatus (Lacepede , 1803 )
/Congridae
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‘I’axomm nnm mn i c iliem-arch y Genus! Sp,~’cies N aini in g A u i I n o n i i ~~ i )at c

( ‘in ortla ta ( com iti nue d )
\‘e m t e  h m - .m Ia - Pisces (en m it im mu e d I

Osteic in i l ives - I st op id,ie ( co m nt imnued
— (~~ngt ’r e inr e u.s (Rup p e l , 182 8’t

~~~~~~~~~
.S’ioh ’p/ ioru s / ; ur/ 1ur~’u. s h owler , I ‘)O()

S~ mm odo n ilLi , ie
.‘naur ida ~‘r a( - ths ( Qm m ov  ~~~ ( , , j um n ~im - il 1 82 4 )

( ‘m ain Id .me
( ‘/ laf lOS ( / :a,h,s ( I : i~m s k~il , I 77 5)

I l emm m in - au n pl n k l ac . ’
llt ’zzur a,n, ’/zz,s (Ic ’pa u/ ; er (ztus I a v ~t H em mm cli , I $3 I)

- Hc.’lom n idae
Tn losurus eroeodilus ( P e m om n & I eSu em- , 1 8 2 1 )

~ 1 lo h oc. ’e n lt r fd j L ’
! ‘hz,p :,pu ’o sa? p znz~zra ( 1-niskal , I ‘75)
.l I n z ij c r i c t i s  ‘Hzir d/ ~,,, ( l~~~ k al . I 77 5)

- - I’~mi ln l j j t I . i c . ’
ku/i/ ia s (zndi-ic - c ’n.s,s ( St e im mdac. ’h m me r . I $7(~)

/Ap ingo nnid a e
l ’oa br cu ’/z ,; ’j ,’r a,pz,,zus ( J emn ki m ns , I 91)3)
. -l /’ ( i~ c,z sn i ’(/(’,-j .Iom’d aim ~ i~verm mma m u n , I ~03

— ( ‘ a m’ .i m mg idae
(, ‘na (/ uz, u) cI on 5/ ) c ’( ’ c su,s Forska f , 1 775
( ‘ar an,~’ ?ne/a,, zpn ’g us ( ‘uvie n - & \‘.mk’mmciemnnes , ISU

‘ sc ’vt ~ls -j c z ( m~,s Quoy & Ga i mn h mrd ,  1825
utah ’ (imvjer & Valenciem mines , 1833

- - /Mullj da e
I - J c c ’P zc ’us aigc ’ Jor dam n & F ver m nm ann n , 1 903
.-Il ullouIu ’/z t/ in - e , s sa,,z~ ) c ’PIS~~t (G u m mt her , I 8781
Pa ru, ic’nt ’us ~‘lezin;stij~’z,za ( B em i mnef t - 183 I 1
P. /U)fp/tir c ’Ijs (J~’ m mk im ns , I ~03 I

:( ‘I na et odomm t i dae
htze todccn aur iga i: om~k~il . 177 5
( c ’p /i ippi zun ( ‘Liv icr & V a Ic. ’ in ci .’ m imes , I $3 I

/un ula I ,i cepc. ’de , 1802 )
C mi/ inn s Quov & Ga imm n ar d , 1825

‘Ponnacemnt rid ae
.~f/ ’z (( j e f (/u f (,/ ,(/ (,,,,i,,~,/ ,c Quo~- & ( ; a et m n an.I , 1824
l) a.cen llus a/ hi xe//a Gill , i 8i2

/ Mtmg i lkla e
h ug/I ( ‘e ’p/zalus I inn mu cus . 175 8

/ Spi my m emn i da e
S,n/ii ’r u ’na barr acuda (W alha u m n n .  I 7~ 2)

-Po l~’ mie mn i dac
Po!n ’dac’in ’!z ~s s. ’ v f l/ / ,c tCuvi er & V a l em n c .- ie mn ne s , 183 I )

/ Lahni~1ae
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Taxo mnonn t ic h-I ierarc hy Gen ius/Species Na m nni img Authority/Dat e

Cinord ata ( c onn t i mnue d )
Vertebrata -Pisces ( co m ntim t ued )

Osteic lnt lmyes/ Elopidae ( c .o mtt  imn ued )
Stt ’tlwj ulus ha/ t eatz Quoy & Gaimnn ard , 1824)

/Sca ri d-ae
( ‘alotonius ~p inideizs Quoy & Gainn ard . 1824

/B lemmn iidae
Onzohrane/ ,us e’longatus (Peters , 1855)

/Gobiidae
(‘rein gohius tonga rel ’ae (Fowl er. 1927 )
Opua izep izodes Jorda m n , 1925
Gizatholep is anjerensis ( Blceker , 1850)

/Ele otridae
-I.c:e rr optt ’rn ’v st’i) ma/) un eta tus Ruppell , 1 8 2 1

/Aca mnthurida c
Aca,zt/zur us dussumieri Cuvicr & Va l ennci em mm mes , 1835
-I - xunt/zop (er u s Cuvier & Va lcn n c ie nnmne s , I 835
-I . inata Cuvier , 1829
Zebrasoma f in  n ’escens (Benn ,t~ tt , 1 828)
,\‘a.co bren ’irostris (Cuvier & Valcmnciennes , 1835)

/Zanc lidae
Zanchis cornutus (Li mi mn aeus , 1758)

/Ostraciontid ae
Osira cion ineleagris eamurunt (Jenki m ts , 19 01 )

/Tetraodon tidae
Aro f / t ro l l  hispidus (Lin naeus , I 758)

/Diodontidac
Diodon hystr iv Lin naeus , 1 758
D. /zolocant/zus Limnnnaeus , I 758

L 
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